5 <?r 


Vj (-0* 

k/C~ 30^7 




i 


JUN 1577 

RECEIVED 

NASA ST1 FACIUIY 
INPUT BRANCH 


Prepared for Ames Research Center, 
National Aeronautics and Space 
Administration, under grant r 
No. NCA 2 -OR 050-603 and N'SG-2160 


rt 


(NAS A “CP “153 2 19) SPACE DISPOSAL OF NOCLEAE N77-24924 

WASTES. VOLOSE 1: SOCIO-POLITICAL ASPECTS 

(California Univ.) 252 p HC A12/HF A01 

CSCL 186 Unclas 

G3/73 31680 



SPACE DISPOSAL OF NUCLEAR WASTES: 
SOCIO-POLITICAL ASPECTS 

(.Bound in two volumes) 

G. I. Rochlin 
D. Met lay 
P. Windham 


Institute of Governmental Studies 
University of California, Berkeley 
Berkeley, California 94720 


Prepared for Ames Research Center, 
National Aeronautics and Space 
Administration, under grants 
No. NCA-2-JR 050-603 and NSG-2160. 


Principal Investigator: T. La Porte, Associate Director 

Institute of Governmental Studies, 
Associate Professor, Political 
Science, University of California, 
Berkeley 


December 1976 



CONTENTS 


Volume I: 

Fre face 

Part I: Background for the Analysis 

Introduction to Part I 

Chapter 1: History and Interpretation of Radioactive Waste 

Management in the United States 

Chapter 2: Options for Waste Management --Criteria for Choice 

Chapter 3: Technical Determinants: Nuclear Power Growth - 1975-2000 

Chapter 4: Preconditions for the Existence of High-Level Wastes in 

a Pona Suitable for Space Disposal to be ** Usable Option 

Part II: The Role of the Nasa Space Shuttle Program 

in Waste Management 

Introduction to Part II 

Chapter 5: The Space Disposal Option Using the Shuttle 

Chapter 6: hliat is Needed to Make the Program a Reality: Resource, 

Management, and Institutional Requirements 

Chapter 7: Policy and Regulatory Environment 

Chapter 8: Public Attitudes Toward Space Disposal of Radioactive 

Wastes 

Volume II: 

Part III: Secondary Impacts: Discussion and Implications 

Introduction to Part III 

Chapter 9: Secondary Impacts: Accidents and Other Failures — Their 

Prevention and Management 

Chapter 10: Ensuring High Organizational Performance in a Space 
Disposal Program 


URIGLNAL PAGE IS! 
OF POOR QUALITY 



Part IV: Secondary and Tertiary Impacts: Social, 

Political and Cultural 

Introduction to Part IV 

Chapter 11: Secondary Impacts: Further Effects on Social Experience 

% 

Chapter 12: Tertiary Impacts of a Space Disposal Program: Cultural 

and Political Responses to Changes in Social Experience 

Part V: Conclusions 

Chapter 13: Conclusions 


Appendix: On Designing Error Correcting Organizations 



PREFACE 


This report is the result of a study funded by the National Aeronau- 
t'cs and Space Administration through the Ames Research Center to assess 
the feasibility and implications of a hypothetical decision to dispose 
of long-lived high-level nuclear* wastes, or some portion of these wastes, 
in outer space. It is important at the outset to delineate the boundaries 
of the study and to clearly state the premises that were stipulated and 
distinguish them from those areas that were more thoroughly explored. 

The focus of the research has been on the social and political 
implications of a decision to implement the space disposal idea, and on 
the various social and political structures that would be associated 
with it. The technical work that has been done (primarily under an inde- 
pendent, but associated intergovernmental personnel agreement with Dr. 

Gene I. Rochlin) was oriented primarily towards setting out the boundaries 
of a model for the nuclear industry and of the associated fuel cycle 
services so that accurate estimates for high-level waste quantities and 
characterization could be made. Owing to the large number of possible 
decisions that might be taken regarding the post -reprocessing treatment of 
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wastes, however, less accurate estimates could be made of the quantities 

that might be involved in space disposal operations. Accordingly, a 

semi -parametric approach was adopted, with the program characterized at 

two extreme and one medial level of operations: 10, 100, or 1000 shuttle 

% 

launch missions per year. 

Jt was not possible to perform an independent review of presently 
considered space technologies that might be applied to waste disposal, 
nor to attempt to assess the contributions that might be made by some 
of the more advanced launch vehicles that have been suggested. Given 
our limited resources and the small amount of technical expertise in 
launch and vehicle technology available to us, it was necessary to assume 
a technology and mission profile t 5, at was already in the literature. 

As extensive studies have been made in the past of operations using the 
space shuttle orbiter, both by NASA and in waste management review studies, 
this was the mission adopted for this study as prototypical over the time 
period of concern. This is a somewhat restrictive assumption, because a 
totally committed waste vehicle would have a more favorable payload to 
vehicle weight ratio than could any adaptation of a multi-purpose 
vehicle such as the shuttle orbiter. However, given the range of assump- 
tions used in constructing the semi-parametric launch moJels used for 
the „tudy, we seriously doubt that a shift in vehicle would substantially 
affect our conclusions as to the social and political implications of a 
space disposal program. 

There is no site-specific social impact chapter here. To do a 
detailed impact analysis on even such a narrow and localized stratum of 
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population as that surrounding the present launch site at Cape Kenned/ 
would require far more in time and resources than could possibly have 
been allotted to this study. Moreover, as have often been stated, the 
social or political scientist works in a real world situation that is not 
subject to ready abstraction. The impact on any specific population is, 
in fact, specific to that population in its exact situation. More general- 
ized rules can be abstracted, but they must be applied with great caution. 

We do not attempt to speak with precision about that which we were 
unable to explore in detail. The level of analysis, therefore, varies 
from section to section within this report. With regard to extant tech- 
nologies and past and present policy apparatus, some detailed and fairly 
specific comments could be made. But with regard to future decisions 
and future social and political impacts, the analysis is generic, not 
specific, and should be applied with some caution. A careful analytic 
group is strictly a non-prophet organization. What has been done is not 
to attempt to predict outcomes or future, but to sketch out what experience 
and analysis have taught us about the responses of and impact on both 
selected and general populations under similar circumstances. 

The report is organized as follows. In Part I we outline the back- 
ground political and technical data that are needed for performing the 
impact analysis. Both in a historical policy context and in terms of the 
present and likely future development of nuclear power technology and waste 
management, we outline the preconditions that would have to be met for the 
space disposal option to be given serious consideration. 

In Part II we describe the potential role of the space shuttle 
program in the management and disposal of high-level wastes. This 
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includes not only the technical, but also the social, political, ethical, 
and public environments within which the proposed program would operate. 

A careful analysis is also made of the technical operation of the system, 
and of the technical limitations imposed upon the program by the operational 
procedures of the commercial nuclear power industry. 

Part III discusses potential secondary impacts upon society of space 
disposal operations. The prevention and management of accidents as well 
as their direct effects if they shoulu occur are included here. For 
incidents and accidents are likely to occur in even the best, designed 
systems, and failure to provide for their occurrence can be a serious 
fault. A fairly specific lock at the causes and consequences of such 
failures is taken here, as well as an examination of the consequences 
of building up an operational structure committed to a very low failure 
rate. 

Part IV continues the discussion of secondary impacts with a further 
investigation of the impact of space disposal operations on social experience. 
The discussion here is further extended to encompass tertiary impacts; 
cultural and political responses to the secondary effects of changes in 
social experience. As most of the effects discussed in this section, for 
example distribution of jobs and social privilege, require considerable 
specific detail for analytic conclusions to be drawn, the discussion here 
is largely generic and conceptual. What is set out is not an explicit 
description of a particular set of responses, but a more wide-ranging 
discussion of the potential for generating classes of response. 
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We have also appended to this report a section on the dosign of error- 
correcting organizations. For, with space disposal of highly toxic radio- 
nuclides, we would enter upon a system where there would be a very high 
price to pay for even the first major failure. Any organization designed 
to operate or manage space disposal operations would have to have built 
within it the. potential to detect and correct incipient failures h'-fore 
they' occur. That such requirements ax*e by no means trivial of fulfillment 
is described in this appendix. 

It is also worth setting out here the assistance that was given to 
this study by the multiplication of effort owing to other activities of 
two of its participants. Dr. Dan Metlay was, in addition to his work on 
this study, a member of a U.S. Nuclear Regulatory Commission Task Force 


on Criteria end Goals for nuclear was re manage;, out regulation, which gave 
him access to and information from a large number of persons whose policy 
or legal involvement with such a program would be great. He also contributed 
to this study several chapters derived from work done on his dissertation 
in political science. Dr. G. Rochlin was, during a portion of this study, 
a member of an American Physical Society study on the nuclear fuel cycle, 
giving him access not only to the most up-to-date technical and economic 
projections for nuclear growth, but also access to experts in every field 
of the nuclear industry related to waste management. None of this large 
amount of extra work contributed to the study was done at NASAs expense. 

It amounts to a gratuitous, and fortuitous, contribution. 

After reviewing all the information available to us, we have come to 
a largely negative conclusion regarding the potential value of a space 
disposal program, and negative on both operational and socio-political 
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grounds. On the operational level, it appeal's that there arc a large set 
of preconditions that would have to be met before it would make sense 
to invest the large amounts of money and technical and industrial effort 
the program would require. Unless these preconditions were met, space 
disposal would simply not reduce the real and perceived risks from long- 
lived components of the wastes to v level that would justify the effort 
involved. 

On the socio-political level, there are grave doubts as to both the 
possibility of operating the institutional and organizational support 
systems at the required levels and growth rates and so to the possible 
impact on NASAs other missions and goals even if the operations were 
successful and free of failures. 

0:i a medieval map of Britain, a large area to the north is marked wit 
the legend: "Here there he wolves." Although this provides no specific 
guide for the traveller to use in evaluating a safe route through the 
area, nor a quantitative assessment of the risks involved, it does serve 
some purpose in raising a note of caution. So it is with a generic study 
such as this one. No specific policy recommendations are made here as to 
whether or not a space disposal program should be implemented, nor as 
to which program might be the best to pursue. Some of the risks and 
costs that might be entailed arc set out, and some of the areas requiring 
further investigation before a wise decision could be made are sketched 
out. But we do raise a note of caution. It is our view that NASA as an 
institution would run far from negligible risks in the operation of a 
space disposal program, and that consequently it should, at the minimum. 
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investigate carefully whether it ib the appropriate agent to manage such 
a program even if it were to be implemented. 
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BACKGROUND FOR TUP. ANALYSIS 
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INTRODUCTION TO PART I 


In Part I of this study, we introduce the preconditions for the 
technical and political decisions that would have to be made in order 
for the space disposal program to be given even serious consideration as 
an option on the same footing as such current plans as disposal in salt 
beds. This material supplies the necessary background for the discussion 
in Part II of this report of the potential role of the NASA shuttle program 
in nuclear waste disposal, and the analysis of not only the technical and 
scientific, but the social and political milieu that would be required for 
a decision to move towards implementation. 

Chapter 1 focuses on the past history of radioactive waste management 
in the United States, for its is important in setting up the social and 
political context to understand how and why it came to be that nuclear 
waste disposal remained an unresolved problem as long as it did. Secondly, 
one should be cognizant that future decisions will not and cannot be taken 
in an atmosphere free of the clouds of old battles over wastes. No waste 
disposal program, including this oie, can ever operate with the blank slate 
of ten years ago. 
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Chapter 2 sets out the ethical and moral concents over long-lived 
toxic radionuclides that form the fundamental motivation for consideration 
of such expensive and high-technology disposal programs as transmutation 
or space disposal. For, were it not for our concern over the future and 
their well-being, it is clear that waste disposal would not be considered 
a ssair.r piubJ vra. Getting the wastes out of the biosphere for our lifetimes 
would be no great technical feat. Even for the lifetimes of our children, 
there are many ways to emplace the wastes to preserve them from barn. But 
over the very long lifetimes of the trap ,uranic isotopes as potential 
hazard, our uncertainty as to geology, culture, social and political 
development, and demography raise to a high level our uncertainty about 
the future's ability to recognize an untoward event, let alone to reduce 
its consequences. 

Chapters 5 and 4 address the technical preconditions for space to 
become a chosen option. In Chapter 3, we discuss the growth of the nuclear 
power industry and its associated wastes, as well as the supporting fuel 
cycle facilities that will be needed. Within this context, we examine the 
several ways of processing spent fuel that would reduce the waste masses 
to quantities manageable by a hypothetical space disposal program. In 
Chapter 4, this information is used to derive a set of technical criteria 
for efficiency of fuel cycle operation that would allow the space program 
to respond to the concerns raised in Chapters 1 and 2. For, unless there 
is a major reduction in the terrestrial inventory of transuranic isotopes, 
and particularly the isotopes of plutonium, it would simply not make sense 
to invest the resources that would be required, technically, economically, 
politically, and socially, to make the space disposal program a reality. 



CHAPTER I 


HISTORY AND INTERPRETATION OF RADIOACTIVE WASTE 
MANAGEMENT IN THE UNITED STATES 


I ntr o duc t mi 

This is an interpretive history c-f radioactive waste mnncgemcnt in the 

United States. It is interpretive because it seeks to tease out the signifi- 
cant strands of policy and organizational behavior rather than to give a 
complete chronicle of past actions. As a result, there is not a detailed 
description of what occurred in every facet and phase of the Atomic Energy 
Commission's involvement in waste management. Instead, some aspects have 
been emphasized and others hardly touched upon at all. 

This allows us to focus on broad themes of behavior and upon variations 
on those themes. We can highlight those things which stand out as being 
particularly critical in the history of waste mangement. From discussions 
with a number of people, both practitioners and observers, we believe that 
many, if not all, of the important patterns of how waste management policy 
was determined and implemented have been captured. Nevertheless, interpretive 



1.2 


history is often highly error prone. It depends upon the analyst's 
ability to scan sensitively the entire history to select for comment 
those parts which are, in fact, essential to a fair and complete under- 
standing of the whole. 

Historically, waste management decisionmaking has been characterized 
be periods of profound unconcern interspaced with rare moments of intense 
interest. Lacking the "sex appeal” of reactor development and the "pox'k 
barrel" quality of other segments of the fuel cycle, waste management be- 
came, organizationally and opex-ationally, a residual category. After a 
brief synopsis of the significant events in the history of waste manage- 
ment, we develop this history's significant themes. Examples from the 
past are marshaled to illustrate them. Seme lessons are drawn which need 
tc be recalled by future designing waste management systems. 


Origins and Background 

The creation of today's unwanted radioactive waste legacy resulted from 
many small, past actions, premised on limited vision and constrained by few 
resources, severe time pressures, and overwhelming competing priorities. 
Nowhere is that description more accurate than in the case of the wastes 
generated by the Atomic Energy Commission's military program.* 

The AEC has operated three facilities— at Hanford, Washington; at 
Savannah River, South Carolina; and at the National Reactor Testing Station 
in Idaho — for the puzpose of producing plutonium in reactors for the 
weapons' program or to process irradiated fuel for the experimental reactors 
as well as from the reactors of the Nuclear Navy. As of 1974, these 


wastes, in the form of liquids, salt cakes, sludges, crystals, and calcine 


granules represent some 85 raillioq gallons. 
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The production of wastes is an inextricable part of the operation of 
those facilities; as soon as fission takes pi ace --whether it be in a produc- 
tion, research, naval, or civilian nuclear power reactor--wastes are produced 
and the need to nanage them becomes manifest. Different strategies for 
management have been ad< ted at each of the three AEC facilities. At 
Hanford, the waste streams have been neutralized and then stored 5 n single- 
walled carbon steel tanks. The non-boiling wastes arc now being solidified 
in their tanks. The self-boiling wi stes arc being fractionated to remove 
the long half-life heat generating isotopes of cesium and strontium. The 
waste that remains is non-boiling and is being solidified. At Savannah 
River, the neutralized waste solutions are stored in carbon steel tanks 
that sit like cups in saucer-like carbon steel shells. At Idaho, the wastes, 
initially stared in stainless steel tanks, are calcinated (solid! f.i zi) ar.d 
are then put into stainless steel bins which are housed in concrete structures . 

The solidified wastes can be easily retrieved. Present and future plans for 

3 

these wastes are summarized in Figure 1.1. 

Haste management operating experiences at each of these three facilities 
have differed as well. The worst record has been at Hanford. Beginning in 
1956, a total of 18 separate leaks have been detected in which 450,000 
gallons of liquid entered the environment. 4 An unknown number of potential 
leaks were forestalled by transferring the waste solution from weakened 
tanks to others possessing greater strength. The secondary containments 
used at Savannah River have prevented major releases to the environment; 
less than 100 gallons of waste have escaped into the soil there. 5 The best 
record has been compiled at Idaho. There the use of stainless steel tanks 
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has eliminated the need to neutralize the waste stream emerging from the 
reprocessing plant. This, in turn, has made it possible to calcinate the 
wastes. The now s* lid **aste can be stored and handled easily; the only 
precaution which must be taken is to isolate the highly leachable solids 
from water in the environment. To date no accidents have been reported at 
the Idaho facility. 

The basic conceptual framework for civilian waste management , which 
still dominates most people's thinking, emerged from a report by the 
National Academy of Sciences' Committee on Waste Management in 1957. The 
Committee noted that "the most promising method of disposal of high level 
waste at the present time see-rs to be in salt deposits.”^ Four years later, 
in another report the same advisor/ committee remarked that "Experience both 
in the field and in the laboratory or. the disposal cf wastes in r-rlt have 

been very productive and well conceived; plans for the future are very 

. 8 
promising." 

This imprimatur of the Academy stimulated a research program under 
the direction of the Oak Ridge National Laboratory (ORN'L) . A major part 
of that program, called Operation Salt Vault, teas to determine the con- 
sequences of exposing bulk salt to radiation and heat. The site of the 
experiment was an abandoned salt mine near Lyons, Kansas. Spent fuel 
elements were used to represent the solidified waste because the latter 
was not available at the time. Electric heaters simulated the thermal 
output of the waste. (Because of the experimental character of Project 

Salt Vault, retrievability was built into its design from the very 
9 

beginning.) Efforts were made by the ORNL staff to conduct the effort in 
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full view of the Kansas population. Consultations were held with the 
local citizenry be Tore the project began. Once the experiments started 
operating, regular tours were conducted in which the general public could 
visit the mine. The reversibility of the effort and the openness of its 
implementation produced a climate of acceptance. If not loved by all, as 
some participants claim, at least Project Salt Vault did not evoke fears 
and horrors in tiie minds of the central Kansas population. Despite its 
initial promise and ultimate success in producing data. Project Salt Vault 
never really enjoyed much support from the Reactor Development. Division at 
the AEC. Funds had to be "bootlegged" by ORNL from other projects simply 
to keep it going, but if the ORNL salt experiments were initially neglected, 
events soon conspired to propel them into view. 

A fire at the AEC weapons facility located in Rocky Flats, Colorado, 
gave rise to a large volume of low level, plutonium contaminated debris. 
Following its standard operating procedures, the Production Division of the 
AEC forwarded that waste to the Idaho Reactor Testing Station for interim 
burial. That action outraged Idaho’s Senator Frank Church, who saw no 
reason why his state should become the dumping grounds for Colorado's 
waste. Church acted and extracted a commitment from AEC Chairman Glen 
Seaborg that all the waste stored in Idaho would be removed by 1980.^ 

At the same time, steps were being taken to formulate and to formalize 
a regulatory policy concerning commercial ly generated wastes. Up to that 
point, whatever policy existed had been more or less ad hoc , a result of 
a set of individual decisions such as those made in the licensing of the 
Nuclear Fuel Services reprocessing plant and the five low-level commercially 
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operated burial grounds. That first systematic attempt to develop a waste 

H 

management policy led ultimately to the adoption of Appendix F to 10 CFR 50. 
Among its oth^r provisions, the regulations provide that solidified wastes 
shall be "transferred to a Federal repository no later than 10 years 
following the separation of fission products from the irradiated fuel." 

Thus, the Rocky Flats fire and the now officially f-chnowl edged need for 

a repository which stimulated the Commission to transfoim the early 

experimental efforts at the Kansas salt mine into a demonstration repcsi- 
12 

tory. If ne essity forced the decision, it did not seen premature at the 
time. In the words of one of the AEC managers; "It was time for ORNL to 
put up or shut up. Pi. ther they should design a facility or stop claiming 
it was technically possible." 

The Commission considered locating the facility in Kansas, Michigan, 

and Hew York. None of those three alterantive sites possessed any great 
geological advantage over the others: each appeared quite suitable. 

Three factors swung the decision in favor of the Lyons, Kansas, site: 

1. "Detailed information on the area had been gathered as part 
of Project Salt Vault." 

2. A sense of confidence in receiving a "favorable reception 

on the part of local and state officials and private citizens." 

. 3. The recognition that "necessary investigations to prove 

out the acceptability of (the other) sites would result 

13 

in considerable delay estimated on the order of two years." 

That June 12, 1970, decision was followed five days later by an AEC 
press release that explicitly stated that the selection was tentative. 
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That few people truly believed that claim was a harbinger of things to 
cane. Among those who reacted negatively was the National Academy of 
Sciences' Radioactive Waste Management Committee meeting that very day in 
Lawrence, Kansas, to consider the suitability of the Lyons site. The 
press announcement clearly suggested to them that they were being preempted 
and led to the formation of long lived and highly damaging resentments. 

It was hardly an auspicious beginning. 

It was all down hill from there. Relations between the AEC Reactor 
Development Division under Milton Shaw and ORNL were never pleasant; the 
Lyons' project certainly did nothing to improve them. The managers at AEC 
headquarters complained that the Laboratory directors never fully appreciated 
the fact that they were constructing an operational facility, not designing 
a research center. Increasingly, the A;.C Reactor Development Division 
personnel felt that calculations that had been presented as complete and 
sophisticated were actually "back of the envelope" efforts. A perceived 
combination of sloppy technical work with disregard for the pragmatic 
realities of the project quickly soured the Reactor Development Division 
managers on ORNL. 

Nor was the ill will one-sided. For their part, scientists from 
ORNL accused the headquarters bureaucrats of behavior which could be termed 
technological arrogance. The Oak Ridge scientists observed the fund of 
good will that they had built up among the local population over many years 
being dissipated. In their view, the "outsiders from Washing ton" treated 
the local scicr sts at the State Geological Survey and at the State 
University in such a patronizing and condescending manner that it bordered 
on contempt. Perhaps as important, at least subconsciously, the ORNL 
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scientists saw themselves being ignored and pushed into the background 
when it came to policy decisionmaking. 

However, the tension which existed between ORNL and headquarters 
was insignificant compared to the fundamental cleavages that developed 

between the Kansas scientists and the AEC. The leader of the technological 

\ 

opposition was fill lam i lambic ton, the Director of the Kansas Geological 
Survey and a member of the National Academy of Science panel convened to 
assess the Lyons* project. Hambleton's ire at the ABC was first aroused 
in two initial meetings held between the Commission and the Academy panel 
in the spring of 1970. At that time, he felt that the Commission was in- 
sensitive in their dealings with the Academy in general and with him 5.. 
particular. 

Hambleton’s objections were not entirely caused by personal pique. 

He was convinced that the ORNL calculations were too primitive to allow any 

statement about the safety of the repository to be made. Hambleton was 

concerned that not enough was known about possible radiation damage to the 

salt, about waste canister movement in the salt, and about retrievability. 

Most importantly he was skeptical about the calculations on heat transfer 

14 

extrapolated from a two dimensional to a three dimensional model. 

Those scientific objections provided a basis for political opposition. 
The political forces were led by Kansas Representative Joe SKubitz and by 
Governor Robert Docking. Together they attacked peripheral issues in the 
hope that the project would collapse. The optimistic forecast of the AEC 
staff for ready public acceptance of the Lyons' Project proved to be 
extraordinarily ephemeral. While the Kansas opposition never succeeded in 
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stopping the project, it scored something of a triumph when the Congress 
passed an Amendment in 197? to the ACC Authorization Bill. The amendment 
sponsored by Kansas Senators Pierson and Dole, but instigated by Skvbitz, 
prevented the AEC from implementing the Waste Repository Project until a 
distinguished advisory commission certified that the project was safe.^ 

The ACC, however, viewed these attempts at political harassment almost 
disdainfully. They proceeded confident that despite some unresolved problems 
a technical solution could be found. None of their studies turned up any 
information that altered that view. To be sure, then e were more boro holer, 
from gas and oil exploration than had been expected; but given time and 
resources those could be successfully plugged. ’lucre was some concern 
about some "water" used in a neighboring mine as during an inject: on/cx { -act 5 o 
operation which was accounted for. But the volume was small and posed no 
danger. In short, the AEC proceeded down the road to implementation carrying 
out confirmatory tests that would fulfill the conditions that the NAS had 
imposed in their report tentatively affirming the suitability of the Lyons’ 
site. 

Then in September, 1971, the AEC Reactor Development Division was 
informed that the American Salt Mining Company had undertaken a massive effort 
using hydraulic fracturing in a mine two to three miles south of the proposed 
repository. (See Figure 1.2) It was initially thought that the outcome of 

that action would be to remove virtually all the salt in that area. If 
that were the case, subsidence followed by the formation of "Lake Lyons" 
was .a definite possibility. Such a "lake" ivould threaten the integrity 
of another American mine which in turn was located a mere 1,700 feet from 
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an extension of the Carrie mine which again in turn was part of the repository 
itSwif. This potentiality was the straw that broke the Lyons ' project. 

The Reactor Development Division Manager of the program returned lo 
Washington convinced that the ACC was "now in a no win situation." No 
technological fix could, ever be developed that would convince the public 
that the danger was minimal. 

This turn of events was soon followed by a warning from the. Nixon 
White House to the Commission: do nothing to rock the boat this close to 

the election. The nev: Chairman, James Schlcssinger, and a new Commissioner 
William 0. Doub were especially sensitive to this plea. Slowly, Lyons 
faded into the background. By February, 1972, the repository project in 
Kansas was officially dead.*** 

The Commission had beer, bur.-ed by the waste issue. Schlcssing ? r 

reacted by refusing to consider any plan which involved burials at depths 

less than 10 miles and by pressing for consideration of exotic waste 

17 

management alternatives such as transmutation and space disposal. However 
some new practical concept had to be developed in the short run. The 
Commission could not afford to be seen as having no waste management policy. 
Under the direction of the new Director of the Division of Waste Management 
and Transportation, Frank Pittman, the notion of an Engineered Retrievable 
Surface Storage Facility (IlSSF) was developed. Mauaolca would bo con- 
structed in the west for the storage of AEC generated end commercially 

generated waste. Once a permanent repository was developed the waste 

1 8 

could be transported to it. 

This policy, announced in May, 1972, survived one challenge IS months 
later. The General Manager proposed that instead of building an RSSF, the 
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solidified waste be stored at the reprocessing plant until a permanent 

repository was established. In large part because of the objections of 

the Director of Regulations, the change in policy was rejected by the 
*19 

Commission. 

Nevertheless, the RSSF concept was not to be implemented. In September, 
1974, a draft environmental impact statement on the. project was issued. 
Comments received from environmental groups and from state and local 
governments were generally critical. The coup de grace , however, was 
delivered by the Environmental Protection Agency. In its comments ERA 
concluded: 


•Rie development of an environmental 3y acceptable 
system for permanent disposal of commercial ly generated 
radioactive waste would appear to be n high priority 
program that is essential for the development of 
nuclear power. However, the. draft statement decs 
not contain adequate description of a program to 
develop such a permanent disposal system, nor does 
it reflect either the priority attached to this 
overall program by the AEC nor an indication of the 
resources required. Because of the overwhelming 
need to develop an environmentally acceptable ultimate 
disposal method and the realization that tnc-rc is a 
risk of failure in any research and development 
effort, we believe that work on promising alternatives 
should be pursued concu. rently. 

A major concern- -the employment of the RSSF con- 
cept— is the possibility that economic factors could 
later dictate utilization of the facility as a 
permanent repository, contrary to the stated intent 
to make the RSSF interim in nature. Economic factors 
would consist mainly of the fiscal investment attendant 
to its construction and the activities which arise 
in the commercial segment of the economy to support 
its operation. Since there arc controlling environ- 
mental factors that must be considered before final 
disposition of the RSSF, it is important that these 
factors never be allowed to become secondary to 
economic factors in the decisionmaking process. 
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Ike dealt wrlwattl statement received EPA's Invest category of 
evaluation. Significantly one of the first actions taken by Richard 
Seamans after he became Administrator of ERDA was to withdraw his request 
for funds to build the RSSF. Like the Lyons* salt nine before it, the 
RSSF was officially dead. 21 

Inis historical narrative of the AiiC’s involvement in radioactive 
waste management was presented to provide a summary of what transpired in 
the past. Given this outline we can now discuss the broad themes of waste 
management policy. 


Unde rlying Theses of Waste Management Policy 

Specialization has the virtue of wringing to bear expertise in solving 
orcMens. Specialization cr.n also, however, )cr.d to what the sociologist 

Robert Merton has called "The Trained Incapacity to Think." 22 In either 
case, specialization furnishes a particular lens through which the problems 
are viewed and solutions reached. It is hardly surprising, then, that 
a technologically based agency has come to see the solution of the radio- 
active waste "problems" in terns of a technological fix. Public and 
private statements of key agency decisionmakers support this view. 

For instance. Dr. J. A. Leibercan, Chief of the Environmental and 
Sanitary Engineering Branch of the Reactor Development Division, testifying 
before the Joint Committee on Atonic Energy, as early as 1959, said that: 

Although (me has to be careful to distinguish 
between aspiration, realty, and speculation, it 
is my strong feeling that the development program 
has thus far found (technical] solutions to some 
of the waste problems that... and at 1 as t indi- 
cated solutions to others. 23 
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Dr. Frank Pittman, Director of fee Division of Waste Manageme nt »nd 
Transportation told an audience of the American Nuclear Society in 1972: 

"We do have today (in the RSSF) the answers needed for safe management of 

Conner ci a 1 high level radioactive waste."* 4 John Baitlett of the Waste 

* * ' 

* t . 

Alternatives Evaluation Program at th„* Bat telle Pacific Northwest Laboratory 

. ‘V 

told the Task group: ’There is no technical problem, the waste can he 

managed; the crucial problem is public reception of radioactive materials." 
Even the worst blunder in waste nanagenent history, the Lyons' Project, 
was theoretically possible, bill McClain, the ORXL nining engineer on 
that effort, was asked by the Task group whether the laboratory could 
have handled the problems in Kansas. He replied: 'Of course, it was 

technologically possible." Or.e gets a strong i repression , then, from 
reeding tie public record and froa talking with agent/ personnel that 
the ABC personnel think that if they were just given enough money and left 
alone they would solve fee "problem” expeditiously and to virtually 

i 

everyone's satisfaction. 

This position is held despite demonstrated failures because the 
people who hold it are specialized. They have coae to view problem 
solving in particular — not necessarily wrong or evil — technological way. 
Their entire training, sense of structure, and socialization has reenforced 
their conviction that problem solving is dependent merely or. additional 
doses of technology. In this case, they say that the waste management 
problem can be solved by designing a technological system which can 
isolate the waste from fee environment indefinitely. 
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Although such » technological fix is not theoretically impossible, 
experience has shown, in the case of other complex technological systems, 
the belief that technology alone is enough is more often than not simply 
illusory. For example, the development of garbage disposals was perceived 
as being a technological solution to domestic Inconvenience. The result 
was pollution of rivers^ It teas then necessary to find ways of purifying 
the rivers to maintain water quality. One means was to use bacteria; but 
a great quantity of oxygen was required for the bacteria to destroy the 
organic pollutants. Thus a technique had to be found to oxygenate the 
rivers. And so it goes . Complex technologies, like nuclear waste manage- 
ment. are by their very definition hard to bound. To the extent that such 
circumscription is difficult a teclvno logical fix is impossible. Technical 
personnel rad agency leader;; seldom fully appreciate this fundamental aspect 
of the waste management problem: Any policy adopted must treat a wide range 

of issues not simply the design of the technological core of the system. 

Of course one can posit circumstances under which decisionmaking 
need not include non-technological factors. (For instance, institutional 
questions of implementation.) If the system could guarantee the complete 
isolation of the waste indefinitely then a bounded technological fix could 
be quite conceivable. Yet, for any such system to be adopted, as opposed 
to proposed, two conditions must be fulfilled. First a high degree of 
agreement must exist as to how the important parameters of the system, 
i.e., degree of isolation, are to be measured: there has to be a common, 

accepted, metric of evaluation. Second there must be a strong consensus 
over what operations lead to the "correct application of the metric," i.e.. 
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tdiat tests accurately measure the degree of extended isolation of 
the waste. Absent those two conditions, no technological solution can 
find broadly based acceptance. Lack of broadly based acceptance implies 
by its very existence that a technological fix is not viable. 

Implicitly, the AEC technical personnel and decisionmakers recognise 
this lack of technological viability, and this prompts their complaint 
that the system is too open. They say that environmentalists axe irrespon- 
sible; politicians arc simply trying to grab headlines to be reelected; 
the general public is uninformed and irrationally fearful about things 
nuclear. If these extraneous influences were removed, then something 
could be accomplished, i.e.., uncertainty could be resolved subjectively 
and a technological solution could be implemented (imposed) . 

It is not hard to see why the AEC directors strained to decouple the 
technological core from other aspects of the system. To succeed in doing 
so — in effect to simplify the problem— conserves such scarce organizational 
resources as time, thought, and money. Moreover, to consider other 
aspects of the '•problem'* would force the agency outside the bounds of its 
expertise, of its specialization, of its trained incapacity. To accept 
the notion that a technological fix is not possible is ultimately to agree 
that the control of the problem solving effort should be shifted away from 
the AEC. It is hardly surprising that strenuous efforts have been made to 
preserve the illusion of a technological solution. 

Institutionalizing Belief in a Technological Solution 

Early thinkers on waste management recognized that radioactive waste 
had to be managed in ways altogether different from other industrial 
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wastes, the idea of du: : mg the waste into nearby bodies of water was, 
for example, rejected almost out of hand. Moreover, the record indicates 
that as late as 1955 the AEC had not succumbed to the easy assumption of a 
technological solution. For instance, A. E. Goman of the Reactor 
Development Division speaking to the First National Academy of Science 
Advisory Committee on haste Disposal, about the AEC Production Facilities 


said: 


Looking backward we know of the mistakes that 
many industries made in assuming that the disposal 
of waste was simply a backdoor problem that anyone 
cou’d handle. To some extent because of our 
geographically isolated locations, it has been 
possible to sweep the problem under the rug, so to 
speak. But those of us who are close to it are 
convinced v.e must face up to the fact that we are 
confronted with a re<*l problem. 26 

Dr. Leiberman of the Division of Operational Safety noted "I certainly hope 

I can disabuse you of the idea that we have any solution that will solve 

27 

immediately the problems of waste disposal.’* Yet, if that NAS study 
began on a note of caution it ultimately provided the major support for the 
technological optimism that developed in the agency. Although the writers 
of the NAS report were careful to note the need for further research they 
stated categorically that "the committee is convinced that radioactive 


waste can be disposed of safely in a variety of ways and in a large number 

28 

of sites in the United States.” Further, they stated that "disposal in 

29 

salt was the most promising method for the near future." The consequences 
of such judgments have been great. A person who has been in the waste 
management program for a number of years said in an interview that "The 
NAS report did instill a sense of complacency in the minds of the people 
dealing with waste management. In part because of it we felt that a 
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solution would be available whenever we needed it." However it is clear 
that the NAS study did more than simply instill confidence that waste 
disposal could be accomplished. It also established the boundaries of the 
problem. It suggested that all that is required is a technological fix. 

that fundamental premise was reenforced in an extended set of hearings 
before the Joint Committee on Atomic Energy starting in January, 1959. 

The hearings opened with a statement by Able Kalman of Johns Hopkins 
University. Hainan refused to minimize the problems of waste management . 

He noted: 


We have to have continuity of government supervision 
whether long or short, whether strong or weak. This is 
not a problem, in other words which can be tackled from 
the standpoint of temporary expedience. It is a problem 

which will require a deep governmental supervisor, a 

very long and continued uninterrupted supervision over 
the fate and location of these materials .5C 

Nor did Kalman suggest that the problems were simply technological. 

It is a rather interesting if subtle observation 
that in conversation with industrialists interested 
in nuclear fission power they consider the waste 
problem to be quite unimportant I believe for psycho- 
logical reasons. It is unimportant to them because 
they are not responsible for its management and hence 
its cost. 51 

Kalman's testimony led Representative Chet Hollofield to comment: 

So it would be accurate to say that the problem 
of permanent disposal of high level waste has not 
been solved; that it is in the state of suspension; 
that we are holding these high level wastes to the 
extent of many millions of gallons in temporary 
custody and that no decisions have been made as to 
the final disposal of the high level waste. 52 

However those notes of caution and skepticism were virtually the only 
ones to be heard as the hearing progressed. One expert after another 
from the AEC, from the National Laboratories, and from industry, testifier 
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that a technological solution to the problem was possible and was, in fact, 
the only aspect of the question that needs to be addressed. Iheir approach 

was typified by the comments of Herbert Parle er, the Manager of the Richland 

Facilities. When asked how long he thought the tanks at Richland would 
last, Parker replied: 

I will answer that question by saying that for a 
longer time than any operation heretofore contemplated 
by nan, these wastes will have to remain isolated from 
the environment and until the time we create a better 
way the isolation will be in tanks of this character. 

This does not mean it will have to be in this particular 

tank. In otner words if the tanks we have turn out to 

be prepared at the right time with an alternative set 
of tanks and pump the liouids into the n^w tanks . be 
have extensively moved the liquid from one tank to 
another and are persuaded we can do this operation 
with perfect safety . 33 

Although Parker does not say so explicitly the tenor of his statement when 

i 

read in its entirety suggests that he sees little wrong with maintaining 

that strategy into the indefinite future. His views probably represent 
extreme endorsement of a technological fix for waste management. Ihe other 
witnesses while more subdued in their views are clearly philosophically 
aligned with the position which Parker had championed. 

The cumulative impact of the NAS report in the Joint Committee hear- 
ings was to legitimate a technological approach to waste management. Over 
the years it evolved into an official doctrine of the agency. There is no 
evidence that its validity wa., **ver seriously questioned or even reassessed. 
More significantly, the search for a technological solution has persisted 
and the belief in the efficacy of a technological fix has been maintained, 
often in the face of disconfirming evidence. 
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la particular, the AEC has continued to pursue a technological fix 
despite evidence that non-technological factors are an integral part of the 
waste management system. The approach taken in dealing with the leaks at 
Hanford, illustrates that point well. The tan) i* potential for leaking 
compelled the operators to implement a system to detect failures in the 
tanks. The system was a highly routinized one in which volume levels were 
measured by technicians and compared against previous levels. Although 
standard operating procedures were enforced to insure the i-tasurements, no 
procedures were developed to force the requisite comparisons . Thus, it 
was only a matter of time before a leak would go unnoticed. In the spring 
of 1973, Tank 106T leaked 115,000 gallons into the environment. Excerpts 
from the- chronology contained in the official report of this incident tel] 
the story best. 

On May 2 the first weekly liquid level reading of 
Tank 106T after the completion of the pumping 
operation was taken it was recorded at 178.9 inches. 

The information was recorded in the static tank 
farm inventory log and left on the office desk. 

The day shift supervisor has stated that he did not 
review the information because of the press of 
other duties. 

On Hay 7, the weekly liquid level reading for Tank 
. 106T was recorded at 174.0 inches. The information 

was logged in the static tank farm inventory log in 
the day shift supervisor’s office. He did not review 
it. 

On May 14, the weekly liquid level reading for 106T 
was recorded at 167.9 inches. The information was 
logged in the static tank farm inventory log. It was 
not reviewed by the day shift supervisor. 

On May 21, the weekly liquid level reading for 106T 
was recorded at 160.4 inches. The information was 
logged in the static tank farm inventory log. The 
day shift supervisor did not review it. 
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On May 30, the weekly liquid level reading was 
recorded at 1S2.7 inches. The data was logged on 
the static tank fans inventory log. The day shift 
supervisor did not review it. 

On June 4, the weekly liquid level reading for 
Tank 106T was recorded at 149.2 inches. It was 
logged in the static tank far* inventory log. The 
day shift supervisor did not review it. 

Similar failures took place in the dry well monitoring system that 
was a redundant back up for the volume measuring system. Thus the leak 
which began on April 20 was not confirmed until June 6, a period of 6 
weeks. 54 

After the leak of Tank 106T, a set of new' procedures were adopted. 
Liquid level measuring instrumentation was computerized ; readings were 
made more frequently. Tank transfers were monitored more precisely. "A 
rigorous policy of operating equipment according to the procedure was 
implemented to insure compliance with approved procedures." 55 Several 
organizational changes were carried out as well. Management responsibility 
was consolidated; internal audits were reenforced; a division of quality 
assurance and safety was created; more aggressive management was recruited. 

It is hard to assess the effectiveness of those changes. The two 

years in which they have been in operation is hardly time for a fair test. 

Nevertheless, they do seem to have performed well. Yet it is clear that 

the changes do not treat the root causes of the failure to detect leakage 

in the 106T Tank. That failure was due to non- technological factors. In 

the words of the official report. 

There was no effective redundancy in the system to 
assure that a leak undetected by those primarily respon- 
sible for detection would be detected by somebody else, 
or to alert management's attention to any breakdown in 
the system. 36 
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Moreover, by increasing the technological complexity of the detecting 
system without increasing the redundancies in the non -technological elements 
needed for implementation, the overall reliability of the system is likely 
to decrease. Such an outcome is almost an inevitable result of thinking 
that focuses primarily on technological solutions. 

The pattern of behavior at Hanford is really not atypical . One could 
just as easily point to the operations at Savannah River, to the Lyons’ 
Project, and to the RSSF. In each case, directors focused attention 
primarily on le technological aspects of the endeavor and largely ignored 
the non-technoiogical issues and concerns. In the end, it was those latter 
factors largely determining the outcome. Experience should have taught 
the AEC directors a lesson: its vision in dealing with waste management 

problems had to be broadened. Only recently has there been evidence that 
such lessons have been learned. 

Not only has the past demonstrated that faith in a technological 
solution may blind decisionmakers to other important facets of problems, 
but also the past has shown that even solutions to technological problems 
may be only temporary. Again, the experience at Hanford illustrates the 
point. By the early 1960's, it became increasingly clear that the 
optimism expressed by Herbert Parker at the 1959 Joint Committee hearings 
was premature. The carbon steel tanks were being corroded at a faster rate 
than initially anticipated. Thus, a decision was made in 1965 to evaporate 
the waste solutions; the resulting salt cake not only would not leak but 
also would seal up any holes in the tank. Yet as the Natural Resources 
Defense Council noted in their petition for NRC licensing of ERDA's high 
level waste storage facilities: 
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Eliminating the excess liquid has to a great 
extent also ended ERDA's ability to remove the 
waste from the tanks since as damp solids the 
waste can no longer be pumped hydraulically out 
of the tanks. Moreover, liquid cannot be re- 
introauced into many of the tanks to resuspend 
the waste sincq to do so would almost ceitainly 
result in substantial leaks to the ground. 

While the alternative of mining out the waste does exist, that technique 
is beset by a number of problems: a remote control system for mining would 

have to be developed; efforts would have to be made to reduce airborne 
releases; the material is difficult to deal with; there is no place to send 
the material once removed. Thus, while ERDA maintains that it has several 
viable alternatives to choose from, the record suggests that "the techno- 
logical fix of solidification" may be a temporary one at best. It, too, 

has engendered problems for the future. 

% 

Consequences of Maintaining a Faith in a Technolo g ical 
Solution 

The persistent faith in a technological fix has produced a myopic 
vision of the waste management problem. In theory, as well as in reality, 
the boundaries of the waste management "system" have been severely circum- 
scribed. This constrained view of what must be considered in designing a 

waste mangement system has resulted in a number of significant distortions. 

\ 

First, the waste management system is implicitly conceived of as being 
self-implementing. Those who believe in a technological fix strive to 
eliminate the human factor--an element which, it is generally held, .can only 
produce noise. Yet, time and time again, persons interviewed 
stated that the weakest link in a waste management system will be the 
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human one. Although many people believe that a human failure such as the 
one that took place in the 106T Tank leak at Hanford could happen again, 
there seems to have been little consideration by the ABC of what leads to 
such errors or how they might be forestalled in the future. One person 
suggested that du Pont be consulted to advise about the proper use of indus- 
trial relations (manipulation) because they seem to have been successful in 
this area in the past. But the only evidence offered for du Pont's success 
is that employees call their supervisors by their first names. Such a view 
of how to treat the "’weakest link" in the system may not fully reflect ABC 
thinking. It most likely does reflect the degree of sustained consideration 
which the agency has given to this question. 

A second distortion that has arisen because of faith in a technological 

fix is the very high discounting of factors wh-ich may be affected indirectly 

by the system. Complex decisionmaking is difficult. Rules of thumb have 

to be adopted to simplify problems that are seemingly intractable because 

of significant gaps in the knowledge base. Judgments have to be made about 

38 

which factors to consider and which others to ignore. Decisionmakers 
who view a problem through the rosy lens of a technological fix have made, 
and .are likely to make in the future, their judgments in a particular way. 
Factors associated with technology’s primary capacity such as economic 
gTOKth, safety, efficiency, and perhaps even environmental consequences are 
given weight; factors associated with technology’s indirect effects such 
as the impact on the social system or its implications for civil liberties 
are highly discounted. 
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Ignoring such indirect effects of course, might be eminently sensible 
if there were basis for believing that indirect effects are, in fact, 
negligible. Unfortunately, the issue was never faced by the AEC. For 
believing in a technological fix predisposes those decisionmakers to accept 
as negligible what is, in fact, really problematical. Such acceptance is 
facilitated because secondary impacts are hard to quantify. They are not 
amenable to easy inclusion in a cost/benefit analysis. In essence, then, 
these indirect consequences of technology are often banished to a never- 
never land where they lanquish unheard and ill considered. If the history 
of other complex technological systems had not demonstrated that those 
secondary effects could be significant, concern about discounting them 
highly in designing a was re management system would be muted. However, 
the track record from the past does strongly argue that the strategy of a 
"conservative" design philosophy should be adopted in all aspects of the 
construction of a waste management system and not merely in the technological 
components . 

Still another consequence of the belief in a technological fix was 
that it reenforced factors that reduced the incentive to devote scarce 
organizational resources to solving the waste problem. Had not the AEC's 
vision of the issue been conditioned by a belief in a technological fix, 
the cost considerations and the location of waste management at the end of 
tire fuel cycle would not have had the impact they did in facilitating 
postponement of a vigorous attack on the problem. Die influence of these 
factors is subtle but nonetheless real. 

Consider first the question of cost. Compared to the cost of other 
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parts of the fuel cycle and particularly to the capital cost of reactors, 

the cost of even an extraordinarily elaborate waste management system is 

quite low. In 1959, in hearings before the Joint Committee on Atomic Energy, 

the cost was estimated to be considerably less than a fraction of 1% of the 

39 

total generation cost of electricity. Fifteen years later, while the 

"costs are very much higher than previously had be*. n a-sumod they rro 

still not at the point where they have an adverse affect on comparative 

40 

economics of nuclear versus fossil fuel." Although precise figures 
cat not be given now, estimates place the capital costs of the system at 
considerably less than 1% of the total investment of 200 reactors and 
their associated fuel cycle facilities. According to one estimate, 
approximately 0.0C mills per kilowatt hour ut of a total of 25.6 rills 

par kilowatt hour cost of electricity „ro:r. nuclear p cr would go for 

„ 41 

waste management . 

Its perceived low cost combined with an optimistic view of what the 
solution to waste management entailed allowed policy makers to neglect 
that part of the fuel cycle while developing other paits. Efficient waste 
management could be bought only by imposing substantial costs at the point 
of electricity generation or reprocessing. It was more cost effective to 
optimize those parts of the system and to settle for suboptimization at the 
final waste management step. Thus , efficiency in waste management w:.s 
never a primary goal, as was the efficiency in reactor operations, enrich- 
ment, or reprocessing. It is not a large step from not worrying about 
optimizing a portion of the system to worrying about it hardly at all. 
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that waste management represents the final step in the system has 
also undoubtedly influenced people's approach to the question. If the 
attitude prevails that a solution can be willed into being when it is 
required, then there is little incentive to pursue it vigorously in the 
meantime. Too many, more i mediate tasks have to be accomplished. It is 
not uncommon for people to say even today that the waste management issue 
is exaggerated. After all, he are told, we do not have any reprocessing 
plants operating; therefore, we do not have a waste management problem. 

However, the most serious consequence rising from a faith in a 
technological fix is that it provides a rationale for decoupling the ques- 
tion of waste from the rest of the nuclear pcr.er systes. By definition, a 
tee?u:ological fix ir^Iics that a bounded solution can be iraplecentcd, one 
that by design does not have efforts e.'tsid; the technological core of 
the system. It is an easy transition from believing that a waste 
nanagenent systea will not have indirect social impacts to believing that it 
will not have any ii^>act on the rest of the nuclear fuel cycle. Once that 
transition is made, it is again an easy step to fragment the question of 
waste from the rest of th*' uulear power system. 

Such fragmentation is hardly a rare phenomena; it is caused routinely 
by a number of conditions such as budgetary constraints or short time 
horizons. The isolation of the waste nanagenent issue, however, was 
Clearly compounded by the belief in a technological fix that allowed 
organizations* decision makers to adopt a simplified vision of what is 
required to solve the waste management problem. Although intimately 
associated with a number of elements in the fuel cycle, waste management 
was never treated as part of an integrated whole. As a result any attention 
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that was given to waste management was wholly because of its intrinsic 
interest as a technological problen. 

That appeal however was often very low. At the highest levels there 
were no commissioners particularly interested in the problems of waste 
management; with the exception of Coanissioner Thompson, never in the 
history of the AEC did that area have ? lead coanissionei who chaapioned 
its needs in the same Banner that James Ramey pushed reactor development 
or as Glen Seaborg pushed physical research. For cost of the commissioners, 
waste was simply unpleasant and unglacorous. For example, Dixie Lee Ray, 
according to two informants, would simply turn up her nose when the 
subject was mentioned in meetings. 

Nor could the cj'.usc of waste r.anrgement be sustained through the 
skillful use of internal politics by personnel at lower levels. For then 
to pursue the issue intensely hardly made much sense. Grand careers were 
made in reactor development where the organization's resources were 
committed not lit" waste disposal. Moreover waste management also seemed to 
lack the intellectual challenges that surrounded reactor research or high 
energy physics . 

In short, because faith in a technological fix facilitated the frag- 

mentation of waste management froa the rest of the nuclear fuel cycle, 

waste management literally became a residual category. Authority, and 

therefore responsibility, was diffused throughout the organization. Only 

after considerable prodding from outsiders did the aEC take steps to 

42 

reorganize its waste management program. In 1970, the Division of Waste 
and Scrap Management was created; a year later a stronger Division of 
Waste Management and Transportation was formed. However, even that new 
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organizational base did not lead to more favorable treatment . Budget 
allocations remained almost pitifully small. 43 (See Table 1.1) Haste 

management, as the ERDA Task Force on the Nuclear Fuel Cycle correctly 

44 

observed, remained neglected. 

In recent years, the failure of fragmentation has been made clear. 
Nuclear industry spokesmen complain about the uncertainties of the back 
end of the fuel cycle that were caused by the AEC's developing the 
different elements sequentially rather than having integrated them into 
a whole. Nuclear critics refuse to accept the AEC's word that tech- 
nological solutions are at hand. In their minds, it is not optimism but 
blind unthinking faith which underlies the AEC's and nov: ERDA's arguments 
that ve need not halt nuclear develojr. ; c\L until a "solution” to the 
waste problem has been found. Thus it seoras that past at ter.pt s to 
simplify the problem by focusing on the technological side alone only 
have led to greater coop lie at ions in the present. 

Lessons to Be Learned 

While the thrust of these arguments has been critical of the way waste 
management policy has been conceptualized, they should not be 
interpreted as an offort to blame individuals for actions they have taken 
in the past. Pointing the finger or passing out black hats is hardly a 
productive endeavor in the best of circumstances; but in this case 
recriminations are even more unwarranted than in most. 

The failures of vision which plague waste management decision making 
are deeply rooted in the American approach to technological development. 
Alexis Je Tocqucville for example, in the late 1830's remarked on how 
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eagerly Americans adopted new innovations. That faith in the technological 
progress has retained an integral part of the American character. It is 
hard to fault an agency for being in tune with that fundamental spirit. 

However, in recent years evidence has accumulated that calls into 
question the seductive nature of the technological fix. Nuclear agencies 
ought to reassess their approach to problem solving. That reconsideration 
will, unfortunately, be painful. Long held traditions and patterns of 
behavior rarely are altered easily. There are costs — perhaps heavy ones — 
to be paid. However, it is hard to imagine that any other course of 
action can yield positive results in the long run. Continued faith in a 
mythical easy technological fix can only push the nuclear agencies 
further outside the bounds of reality. 

The difficulty of shifting the way the waste problem is conceptual iaed 
can be eased if the ERDA and KRC were to open themselves to interested 
outsiders particularly to those who may hold different views about which 
courses of action to adopt. Past agency practices of virtually ignoring 
critical outsiders such as the National Academy in the case of the Savannah 
River Bedrock Project or the Government Accounting Office in the case of 
taste management production facilities need to be reconsidered. Broad 
participation and decision making does not guarantee good outcomes, but 
it can spotlight flawed conceptualization of the problem. Had such 
institutionalized criticism existed in the past, the AEC might not have 
held to its faith in a technological fix as long as it did. 
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CHAPTER 2 


OPTIONS FOR WASTE MANAGEMENT— CRITERIA FOR CHOICE 


Introduction 

There is a consensus that, the single over-riding criterion for select!!, 
a method for the disposal of high-level wastes should be their isolation from 
the biosphere. This should bo ensured for a long enough time and to a suffi- 
cient degree so that they present no significant hazard to life over their 
lifetimes. It is much more difficult to get consensus on the definitions of 
"long enough," "sufficient degree," and "no significant hazard." The very 
long half-lives involved raise serious questions as to our ability to predict 
geological or material stability over the necessary storage times. More 
significantly, our inability to predict relevant social or political factors 
over times of even hundreds of years precludes any estimation of cither the 
impact of a containment failure or the conditions that might result in an 
accidental or deliberate breach of the system. 

A further complication is the presence of very large quantities of 
short-lived beta and gamma emitters, primarily fission products, that present 
an enormous short-term hazard and make handling of the wastes difficult. 
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Whatever method for waste management is selected will necessarily have a 
non-zero risk of accident or sabotage, and thus a finite chance of large 
damage and loss of life over the short term. A method for disposal that 
ensures complete long-term security will not be acceptable if the short-term 
risks are excessive. But again, this raises the question as to what consti- 
tutes an acceptable short-term risk, and what are the benefits to be gained 
by assuming this risk for the sake of long-term security against containment 
or isolation failure. 

Ethical and Moral Concerns 

There are, in fact, four considerations in deciding upon an acceptable 
method for the disposal of nuc? -ir wastes: long-term safety, short- term 

safety, operational safety, and cost. But none of these are quantifiable. 

It may be possible to judge risk and price, although the uncertainties in- 
volved are large enough so that this may be questionable. These are normative 
judgments that must ultimately be made by society through the political 
process. 

Crucial to this procedure will be the ranking of concerns. If cost or 
operational safety are the dominant factors in the future as they have been 
in the past, then there is little or no likelihood that, space disposal opera- 
tions will ever be seriously considered. Eul , as discussed in detail further 
on in this section, there is strong empirical evidence that the general public 
ranks long-term safety ahead el both short-term safety and cost as criteria 
for selecting a waste disposal method. Although nuclear technologists and, 
to a lesser extent, public utility employees did not agree with this ranking, 
placing cost first followed by short-term and then long-term safety, we do 
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not believe that this attitude will i*emain unchanged. Indeed, a great deal 
of the present controversy over the disposal of nuclear wastes arised from 
this difference between the elites and the public. 

This public attitude would appear to reflect the predominance of ethical 
and moral concerns over economic ones. But ethics and morals are prthaps the 
ultimate externality, in that there is no way at all that they can be brought 
in to a cost -benefit analysis. That these concerns appear to be somewhat 
vague and formless to the nuclear industry is partially a reflection of this 
non-quant ifiability, and partially due to the great difficulty of formulating 
the ethical and moral basis for dealing with the far future. 

In his widely-quoted article, Alvin Weinberg characterized the development 
of fission power as a "Fau-.ti an bargain," with eternal vigilance being the 
prico extracted for the acquisition of a "nearly inexhaustible" source of 
energy.* Hist, conclusion was that the required vigilance was not too great 
a price to pay. Bu' this is one of the normative judgments that society must 
be free to make. Indeed, Weinberg’s discussion raises two crucial ethical issues. 
Future generations would be required to maintain this vigil, and the associat ed 
institutions, without choice and without deriving any of the benefits. The 
ethical basis for the present assuming the benefits while exporting the risks 
3nd associated costs to the future is less than secure. All forms of cost- 
benefit or risk-benefit analysis necessarily assume that goods and bads will 
accrue to the same population, at least in the generic sense. Furthermore, 
the use of mathematical tools such as discount rates for dealing with tiie costs 
and benefits to the future can extend at most a few decades. 


1 
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The second ethical problem raised is that of greatly increasing the 

2 

uncertainty experienced by future generations. Hannah Arendt has 
pointed out that the future is by definition uncertain, that unpredictability 
of result is a necessary consequence of any action. In this regard, we may 
hold that the degree of uncertainty is certainly smaller for the near future 
than for the far. But ethical behavior does not cc.nc- in degree.- . If it 
could be stated Kith certainty that the techniques and institutions for ,.ste 
management could be constructed so that they would be relia ie over the many 
thousands of years required, if it could be guaranteed that future generations 
would be equipped to deal with possible failures and maintain the sites 
adequately, then cost -off eel iveness might bo an appropriate criterion. It 


is, however, not ethically oj morally sound to c.ci as if this i ere so and 
deny the rjle of Social and political uncertainty. Nor is it echi'-al to 

coerce the behavior of the future by requiring that they guarantee their 
own social and political stability or else bear the consequences. 

3 

There is a. small body of literature on this problem. Smith re-examined 

*•" 

the possibility of using risk-benefit analysis and came again to the conclu- 
sion that no finite social discount rate can be used, and that any attempt to 
perform quantitative risk evaluations into the far future is pre-ordained 
to failure. Even if the total releases of radionuclides could be predicted 
with a fair amount of certainty, it is not possible to determine- the po;v ac- 
tion distribution, and therefore the total dose received, or the possibility 
or efficacy of mitigating measures. Moreover, it is not possible to determine 
how a life in the future would be valued. 

Attempts to deal with the future within the structure of economics 
have similarly had little success. Kenneth Arrow has stated that the ethical 
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basis for free-market economics in the first place is full across to all 

4 

available information. However, this assumes that the information is avail- 
able and that the purchaser can make a choice. As the future can not make 
a choice and may not have* information in any case, the ethical foundation for 
using economics at all is not present, and the use of a discount rate at all is 
highly dubious. Ceorgescu-Roegen 5 also mints out the futility of trying to 
apply a discount rate , but goes further to show that, without even attempting 
to discount, ethical behavior requires that all affected generations have a 
voice in setting the price of the risk. Unless a prohibitively large and 
logically unjustified discount rate is used for calculating voting power, 
the present will in.vu such a small shric of the vote as to deny it any besiU 
fo" uni! c iv.j action. F-rh of these outstanding economists agree that *d.dr 
discipline, pro. idea vs with it..- useful t vis for deal in;, villi t is-ua: . 

Goi 'ing’ and Callahan have discussed the ethii al and value problem* 
in terms of our "obligation" to future generations. Golding defines this 
obligation in terms of a "moral community" that merits our consideration 
because it shares with us certain social ideals. As members of a common 
moral community, the future then has certain shared rights and c^n make 
certain presumptive claims upon the present. This in turn entails an ohliga- 
t : on to plan for the "good" of the future, to provide for them. Yet, as our 
knowledge of the distant future is quite i.. perfect , and the ru.ttuc and r/j' - 
come of these rights and ims unsure, the definition of the "good" of 
the future by the present in both arrogant and unwarranted. Perhaps our 
primary obligation, then, is not to plan for them at all . 

In response to this argument, Callahan points out that Golding confines 
himself solely to positive planning, and that the obligation to avoid damaging 
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the future has no tine horizon. He argues for a set of ethical norns based 
on irreducible rights that derive not from the social organization of the 
future, but its humanity. The duty to preserve them from ham is an obliga- 
tion based not on their social ideals, but their fundamental rights to sur- 
vival end human dignity. Regardless of the intervening tiie, we should refrain 
*’as far as possible" from jeopardizing these, taking into account the equally 
valid rights of the present. 

Both of these authors implicitly assume that traditional ethical r.oras 

can be carried over continuously from dealing with our contemporaries to our 

8 

descendants, and through them to the future. But, as Jonas has pointed out, 
the maxims of traditional ethics are confined to a ::orv- 2 constituency com- 
prised c»f the sharers of a cor. men pros.-nt a r.c, r.t ro.-t , their immediate 
descendants. It is the im--.ediate go - .." or evil cf an act that detenati-cs 

its moral and ethical content, and the long-tena and possibly unforeseen 
consequences of those actions are to be left to providence. 

Even the creation of irreversible consequences for the future could not 
be considered unethical. Every action we take has some irreversible conse- 
quent, and if the future has to provide for itself cut of what it has been 
given, this is no more than was given to the present. It is only required 
that an action be well-intentioned and we 11 -performed within the immediate 
context of knowledge and effect. 

But Jonas further argues that the scale of possible impacts of modern 

technology has burst the framework of traditional ethics. Such bulwarks of 

g 

morality as Fint justitia, pereat mundus cease to be applicable when the 
cons, (fences of present action can result in the world perishing in fact, and 
not just in metaphor. He argues an axiomatic basis for our obligation to 
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the distant future: that there ought to be a future at all and humans in it, 
is as undenonstrable as it is persuasive. Khat has changed is our ability to 
destroy the basis for all obligation, the existence of candidates for a moral 
order at all. 


Ord erin g the Criteria 

Ke therefore argue that there is a persuasive case for subordinating 
both operational and shor^-term ris!s to potential long-ttrc risks, and that 
cost may be taken to be the least important of the criteria. Cost should be 
used not as a determining factor, but as a boundary condition to be satisfied 
by p rethod selected to rir.i^iie risk. Cnee such a Mother’ is selected, it is 
t’.c.;: to be c.v -into to cl r t : " '.ino th: ioci.'l and c :o;xr:ic costs. Va.-f. are 
unlixcly to bo prohibitive for a;:> of the methods currently being suggested, 
including r ace disposal.*® If the costs are subsequently judged to be ex- 
cessive, that decision will have to be justified. Affordability is a flexible 
social ar.d political decision. In the absence of actually prohibitive costs, 
the question is what level of safety society is willing to pay for. 

A similar argument is made for subordinating short -term and operational 
risks to long-term ones. The relatively immediate risks of waste disposal 
operations will at least be borne by the same populati n that derives benefits 
fros the nuclear power "hat creates the wastes. The noimative values of safety 
and benefit can be submitted to societal judgment; as with cost, the social and 
political guidelines are elastic and adjustable. Certainly there will be a 
desire to minimize present risks. If this entails the selection of a method 
whose long-term risks are higher, then risk is being exported to future gener- 
ations who will derive no direct benefits and who have no voice in formulating 
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the normative decision framework. The ethical and moral problem of justifying 
the exporting of risks to the future, or to others who do not participate in 
the benefitting society, nay not be a resolvable one. Again, the minimum 
ethical criterion is that* such decisions be made explicitly. 

The primary criterion for ordering waste management options, is the 
BinirJLrati&n of long-tern risks. If these could be precisely determined, 
waste management options could be easily ranked. But there are great technical 
and social uncertainties as to the integrity of waste containment over the 
long times that it must be maintained. An acceptable method for the disposal 
of high-level wastes must be proof against technical failures such as corrosion 
of materials and scientific failures such as overestimating the cff’cscy of 
natural barriers to Migration ;.s well as against, geological change?, glaciers, 
and earthquakes. I ; ew disposal r rthods car. be cc .if jd.nt ? y guaranteed to be 
permanent over the hundreds of thousands of years that isolation is needed; 
a more reasonable criterion is that, should the containment fail, the time to 
return the wastes to the environment is of the same order of magnitude as the 
time necessary for the toxicity to be reduced to a level at or below back- 
ground radiation at a comparable site. The uncertainty associated with im- 
perfections in present knowledge and the probabilistic nature of the frequency 
and severity of cataclysmic events can be somewhat compensated for by 
secondary barriers that provide fer slow dit fusion ar.d return of the wastes. 

Oiv'ing to the very long half-lives of even the short-lived components 
of the wastes when measured against social and political time scales, no 
guarantee of future ability to repair, clean up, or even recognize a breach 
of containment C3n be assumed. Our inability to predict social, cultural, 
or political futures also implies that an acceptable disposal method must 
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be secure not only against accident or failure, but also against both inad- 
vertent and deliberate but uninformed entry. Given the insatiable curiosity 
of intelligent life, the more attention a site attracts, the more likely it is 
to be breached. To one who can not read or translate it, a warning sign is 
more likely to initiate such activity than to prevent it. 

The amount of radieact ivily in the vast a cs c function of time ar.d 
technica’ and scientific estimates of the probability of failures can be 
used to generate a set of numbers that express the long-term risk as the 
probable release in any given year. But whether the case chosen is average 
release or worst-case, these data must be converted via toxicity, mobility, 
ar.d population distributions to yield even a rough r. ensure of social impact. 
Such nt ethers arc tr.o feet and ircoitplc; e in the face of see' 1 ’, technical, 

and geologic uncerlo’ r.f ies to provide usef: ; guidelines for the evaluation of 
alternative disposal methods. What is suggested below is a method for 
extending the risk evaluations into a set of criteria that reflect not only 
technical paths for returning the •wastes to the environment, but also the 
possibility of active intervention by more or less intelligent beings. 

The reasoning presented here has informed both our technical and social 
impact analysis. 


Technic a I I r rov e rs 5 In 1 1 1 v 

Technical irreversibility is defined as the degree to which emplaced 
wastes are resistant to recovery or release cither by accident or by the 
deliberate application of technology. Its significance as a criterion is 
that the more irreversible a waste disposal method is, the more confident we 



nay be that the wastes will remain isolated in the face of social, technical, 
and geologic uncertainties. If technical irreversibility is high, then 
neither cataclysmic natural events nor the activities of intelligent and 
technologically adept beings can readily return the wastes to the environ- 
ment. Retrievable surface storage, for example, is highly reversible: 
vulnerable to accidents and easily accessible for recovery. Ejection into 
deep space is almost completely irreversible. Melting the wastes into a 
solid reck matrix would be highly irreversible: a geologic event that would 

result in large releases of toxic radionuclides would bo very improbable; the 
application of fairly advanced and sophisticated mining technology would be 
required to deliberately re-extract the:.', f re n the reck. 

Tech iicr.1 irreversibility, then, is defined both socially physically. 
It docs «t correlate precisely with sei rvei t :cal iy cb fined notions of in eve.- 
sibility. Irreversibility as defined by the second law of thermodynamics is 
based on the difficulty of restoring an initial situation in the face of 
statistical probabilities. The presence of intelligence, however, allows 
the creation of improbable circumstances. Reversibility may be expensive, 
but it is not in principle impossible.** Irreversibility can also be expressed 
mechanically, as with a ball rolling down a hill in the middle of a flat plain. 
The application of a little intelligence, and possibly a little energy as 
well, can easily restore the ball to the top of the hill. 

Tnerc are parallel examples of social irreversibility. It is r.uch 
easier to create a bureaucracy than to destroy it. Increases in the perceived 
quality of our lives are not readily foregone. An example of almost purely 
social irreversibility that is more to the point here is the fabulous pirate 
practice of burying a treasure in a remote or obscure location and then 
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killing those who know of it. The mechanical act of retrieving the treasure 
is very simple, and quite reversible. But to the extent that accidental 
discovery is highly unlikely and that a deliberate, but unguided, search has 
a very low probability of* success, this emplacement is very irreversible. 

The purpose of imposing irreversibility as a criterion is to provide 
some degree of security against breaching of containment and fai lure cf 
isolation in the face of unknown social, political, and cultural developments 
to provide the greatest possible security against their release or disuse by 
an agent not equipped to recognize or cepe with the dangers. Although 
stability against geological change is necessary to provide the desired 
degree of isolation and to prevent accidental release, the degree of reversi- 


hilitv also d pends cn the -sount of attention that night be drawn to the site 


by geological features cr ide.it if table artifact s . Intelligent li 
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notoriously incautious in indulging its curiosity. Construction of a large 
concrete mausoleum on a remote mountain top may be mechanically quite irrever 
siblc, but the attention it would draw would almost guarantee that concerted 
efforts would be made to breach it by intelligent, but uninformed life. On 
social giound, such a method is held to be quite reversible. Additional 
irreversibility cannot be provided by warning messages, symbols, or labels, 
h’e cannot assume that even a society that has the technology to undo l-ther 
irrever sib’ . storage will know enough about radioactivity to proceed cautious 
or that they will be able to decipher a message they cannot read. Indeed, tk 
presence of such an indecipherable message would only arouse additional 
interest. "Interer -ing" geological formations such as salt domes are equally 
likely to draw attention. The society that drills into them may know nothing 
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of radiological hazards, but still be sufficiently advanced technologically 
and scientifically to be curious about the formation itself and its possible 
contents . 

It should be kept in mind that technical irreversibility is meant to 
provide a criterion for choice and not to preempt, it. Complete irreversibility 
that precludes all possibility of recovery of the wastes nay not be the most 
desirable outcome. It can be argped that our obligation to the future extends 
to the preservation of options as well as the prevention of harm, that we have 
an obligation to try to avoid irreversible consequences of our actions. It 


may then be considered most desirable to dispose of the wastes by a method 
roughly as irrex c-rsibie « the dispersal of uranium in present This 

would at least partially con eat the irreversible depletion of na'.t el 
supplies of fissionable material. The provision of an artificial ore bed is 

intended to make these materials accessible only to those who understand 
what they are mining and why. In that regard, the artificial beds could be 
somewhat core secure against accidental mining than natural beds have been if 
care is taken to make sure that the wastes are not co-located with other 
desirable minerals. A criterion for site location that aids irreversibility 
is that it be as uninteresting as possible, and so draw no attention for other 
reasons. 

Table 2.1 is a preliminary classification of several waste disposal 
methods mentioned in the current literature according to the degree of 
technical irreversibility possessed by each. In mo c t cases, the net irrever- 
sibility is derived from consideration of both technical and social factors. 
The categorization is deliberately broad, as a more precise distinction would 
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require more detailed analysis of the several options and is, in any case, 
limited by technical and social uncertainty as discussed previousl\ . What 
is r.ot indicated on this tabic is that many of the suggested waste disposal 
methods could be made more or less irreversible by a judicious alteration of 
present plans to provide additional technical or social barriers to prevent 
breaches of the containment and isolation. For example, emplacement in 
geological formations would be more irreversible if chemical means could be 
found to Immobilize the wastes against uptake into biological systems, since 
such uptake can both increase waste mobility and provide for subsequent 
reconcentration of the wastes in the food chain. Disposal on the ocean 
bottom v:a.:*d be more irreversible if the location of the canisters is not 
krse’.a. and they arc ra-\Jr*:.:. , y' placed so thut a deliberate and informed 


search would be necessary to recover tbrr; in si^ni 1 i crat numbers. 

Technical irreversibility, then, is seen to be determined largely 
by the size and sophistication of the technology or natural mechanism that 
would be necessary to return the wastes to the biosphere in quantities or 
at rates that would be radiologically significant. It tends to correlate 
fairly well with the degree of scientific and technical aptitude that 
would be required for deliberate waste recovery by a society of intelligent 
beings, end with the size and cost of the necessary effort. The greater the 
degree of technical irrovois i oil 5 ty, the more confident we can be that, it 
the waste disposal technology works as advertised, any failure of isolation 
and containment will occur only through the intervention of those fully 
capable of understanding the risks involved. 
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Disposal Method 

Physical Irreversibility 

Social Irreversibility 

Irreversibility 

i 

! 

Retrievable surface 
storage 

Moderately low for above 
ground convection cooled 
casks to very low for 
water-cooled complexes 

Very low 

Very low 

- - 

Mined salt caverns 

Lov ■; to very low depending 
on proximity of ground 
water 

Low for salt domes to 
moderate for bedded 
salt 

Low 


Sandstone caverns 

Moderate 

Low to moderate 

Moacrate 


Space: Earth orbit 

Moderate to moderately 
high 

Moderately high 

Moderate to 
moderately high 


Deep rock melt 

Moderate to high 
depending on formation 
and water 

High 

High 


Space: very high 

Earth orbit 

Very high 

Very high 

Very high 

- 

Space: Solar Escape 

Complete 

Complete 

Complete 



Table 2.1 
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Multiplicity 

Yet another set of factors must be considered — multiplicity of sites 
and diversity of options. 15 These provide further measures against error 
and uncertainty. In this, regard, the value of increased multiplicity must 
be carefully examined to ensure that it will reduce the probability of damage 
and not increase it. If the rubber of sites is increased, the probability 
that one of them will fail or he accidentally broached may also increase:. 

In that case, the potential damage that could be done by a release should be 
reduced to compensate. Cllv'rly, the bal.uoe letwcn these facte . s depen.h- 
upon whether the \>unt of material contained at a site is judged to present 
a small or an e: emeus hatare tc life, r.r.d selecting an appropria’e operating 
point is least par; ly a nos^:t ivc duels;..’. . 


Ter c:.; Tigle, tin : : ;V •: :v.' e ’ 1 ivy cf typ.s f Uirolri.: g. ■' i pi m ’ 

disposal methods could he increased by making the number of canisters very 
large and the potential risk due to the breach of any single canister relatively 
small. The technical measure can then be augmented by randomly emplacing the 
canisters in unrecorded locations, making deliberate recovery more difficult. 
This may make the accidental discovery of a single canister more probable. 

If so, the increase in. probability of discovery must be balanced against the 
lower radionuclide inventory to see whether analysis bears out the intuitive 
reasoning that this strategy would increase net irreversibility against n 
wide range of geological and social factors. An a 5 1 <_ ,r.tc approach would ho 
to collect many years production of waste into a single giant container and 
then to emplace this so deeply and with such redundant barriers that any 
breach seems highly improbable. This mechanical approach to increasing 
irreversibility significantly increases the probable consequences of a 
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release. It is our contention that this provides less net irreversibility 
in the face of uncertainties as to the nature and probability of potential 
catastrophic events. Again, it would be useful if this intuitive response 
could be supported by more detailed analysis. 

Multiplicity of sites does r.ot, of course, provide any security against 
fundamental conceptual or design errors. It does help to minimize the con- 
sequences of such errors if the failures are ran don ar.d widely spaced both 
temporally and physically, or if gross errors are most likely to occur soon 
enough so that a fair guarantee of ability to take remedial action can he 
given. But if confidence in the performance of a single site is high, multi- 
plicity does r.ot necessarily provide an :n:v:nta ; e on technical grounds. 


The primary advantage of s-te multiplicity is the minimi cation of the 


consequences of errors ar.d uncertain*- les in socir 


1 J 


. cents, in mini* .Icing t Im- 


potent xal consequences of the deliberate or i..advcrtant action of intelligent 
life. One aspect of this is damage limitation. If the opening of a single 
site causes minimal harm, and if the discover)' of one site docs not automatically 
provide the key to uncovering other sites by other than informed and sophisti- 
cated actors, catastrophic releases are unlikely to occur. Furthermore, 
this would provide at least the time for effects to be noted ar.d for the 
proximate, if not the ultimate, cause to be realized. Wc are also unable 
to predict the distribution an.! habits of futur- populations. Site multi- 
plicity would tend to reduce the possibility of severe accidents. Our more 
complete uncertainty as to future behavior, as opposed to future geology, 
leads us to conclude that provisions for damage limitation carry more weight 
when considering social uncertainties. 
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Increased site multiplicity is not identical to increased technical 
irreversibility, although it tends to correlate with it for many waste 
disposal methods. In the case of some, such as retrievable surface storage, 
tl 3 two criteria are nearly independent of one another. For some, such as 
space disposal, multiplicity will affect only the immediate risk.*^ In other 
cases, it can be used to separate two methods that have roughly equal irrever- 
sibility. 

Figure 2.1 locates a number of waste disposal options on a two- 
dimensional plot that treats the technical irreversibility and site multiplicity 
as independent criteria. In doing so, we explicitly do not attempt to assign 
relative weights to them. It must be emphasized also that this is a qualita- 
tive map, r-ud that not only the absolute, but possible also the relative 
ocation of any option is a matter of informed judgment. It is not only 
difficult but unwise to try and localize any method too narrowly. Even if 
the axes could be precisely and quantitatively labeled, inherent uncertainties 
in predicting the future would limit our ability to pin down any method 
precisely. 

Applying the Criteria 

The previous discussion can be graphically interpreted by saying that 
the further into the upper right hand corner of Fig. 2.1 a method lies, 
the greater the reduction of potential future risks in the face of technical, 
physical, and social uncertainties. Put conversely, the more confident we 
are about social and physical stability over the time scale during which the 
wastes must be kept contained and isolated, the closer to the lower left 
comer an acceptable method will lie. 
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Figure 2.1 

WASTE DISPOSAL METHODS 



TECHNICAL IRREVERSIBILITY 





PREFACE 


This report is the result of a study funded by the National Aeronau- 
tics and Space Administration through the Ames Research Center to . 
the feasibility and implications of a hypothetical decision to if >■ < 
of long-lived high-level nuclear vaster-, or seme pa ion of these u^vcs, 
in outer space. It is important at the outset to delineate the boundaries 
of the study and to clearly state the premises thu. vere stipulated and 
distinguish them from those areas that vere more thoroughly explored. 

The focus of the research has been on the social and political 
implications of a decision to implement the space disposal idea, and on 
the various social and political structures that would be associated 
with it. The technical work that has been done (primarily under an inde- 
pendent, but associated intergovernmental personnel agreement with Dr. 

Gene I. Rochlin) was oriented primarily towards setting out the boundaries 
of a model for the nuclear industry and of the associated fuel cycle 
services so that accurate estimates for high-level vaste quantities and 
characterization could be made. Owing to the large number of possible 
decisions that might be taken regarding the post -reprocessing treatment of 

iii 



population as that surrounding the present launch site at Cape Kennedy 
would require far core in tine and resources than could possibly have 
been allotted to this study. Moreover, as have often been stated, the 
social or political scientist works in a real world situation that is not 
subject to ready abstraction. The iiapact on any specific population is, 
in fact, specific to'thit population in its exact situation. More general- 
ized rules can be abstracted, but they must be applied with great caution. 

Ke do not attempt to speak with precision about that which we were 
unable to explore in detail. The level of analysis, therefore, varies 
frooa section to section within this report. Kith regard to extant tech- 
nologies and past and present policy apparatus, some detailed and fairly 
specific consents could be cade. , But with regard to future decisions 
and future social and political impacts, the analysis is generic, not 
specific, and should be applied with sene caution. A careful analytic 
group is st. ictly a non-prophet organization. Khat has been done is not 
to attempt to predict outcomes or future, but to sketch out what experience 
and analysis have taught us about the responses of and iiapact on both 
selected and general populations undci similar ci resistances. 

The report is organized as follows. In Part 1 we outline the back- 
g. our.d political and technical data that are needed for pci forming the 
impact analysis. Eoth in a historical policy contest and in terms of the 
present and likely future development of nuclear pwer technology and waste 
management, we outline the pr Jnditions that would have to be met for “he 
space disposal option to bo given serious consideration. 

In Part II we describe the cotential role of tac space shuttle 
program in the management an! disposal of high-level wastes. This 



INTRODUCTION TO PART I 


In Part I of this study, we introduce the preconditions for the 
technical and political decisions that would have to be cade in order 
for the space disposal program to be given even scricas consideration as 
an option on the same- footing as such current plans a' disposal in salt 
beds. This natc'.ial supplies the necesr-ry background for the aiscussic.i 
in Part II of this report of the potential role of tfce NASA shuttle program 
in nuclear waste disposal, and the analysis of not only the technical and 
scientific, but the social and political milieu that would be required for 
a decision to move towards implementation. 

Chapter 1 focuses on the past history of radioactive waste management 
in the United States, for its is important in setting up the social and 
political context to understand how and why it cane to be that nuclear 
waste disposal remained an unresolved problem as long as it did. Secondly, 
one should be cognizant that future decisions will not and cannot be taken 
in an atmosphere free of the clouds of old battles over wastes. No waste 
disposal program, including this one, can ever operate with the blank slate 
of ten years ago. 



Chapter 2 sets out the ethical and moral concerns over long-lived 
toxic radionuclides that form the fundamental motivation for consideration 
of such expensive and hi ga -technology disposal programs as transmutation 
or space disposal . For, were it not for our concern over the future ar.d 
their well-being, it is clear that waste disposal would not be considered 
a major probl Getting the wastes oat cf the biosphere for cur lifetimes 
would be no great, technical feat. Even for the lifetimes of our children, 
there are cany ways to emplace the wastes to preserve them from hr.vn. But 
over the very long lifetimes of the transuranic isotopes as potential 
hazard, our uncertainty as to geology, culture, social and political 
development, and demography raise to a high level our uncertainty about 
the future's ability tG recognize an untoward event, let alone to reduce 
its consequences. 

Chapters 3 and 4 address the technical preconditions for space to 
become a chosen option. In Chapter 3, we discuss the growth of the nuclear 
power industry and its associated wastes, as well as the supporting fuel 
cycle facilities that will be needed. Within this context, we examine the 
several ways of processing spent fuel that would reduce the waste masses 
to quantities manageable by a hypothetical space disposal program. In 
Chapter 4, this information is used to derive a set of technical criteria 
for efficiency of fuel cycle operation that would allow the space program 
to respond to the concerns raised in Cnapters 1 and 2. For, unless there 
is a rnaj'-r reduction in the terrestrial inventory of transuranic isotopes, 
and particularly the isotopes of plutonium, it would simply not make sense 
to invest the resources that would be required, technically, economically, 
politically, and socially, to make the space disposal program a reality. 
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The two criteria measure, in a crude tray, reduction of risk over 
increasing time and the attendant increase in uncertainty. Using Fig. III-l 
as an illustrative device once again, this is equivalent to asserting that 
there is an effective time: scale measured diagonally from the lower left 
(reversible single site) to the upper right (maximum irreversibility, high 
multiplicity). If this is the case, we may sketch sets of indifference 
curves, loci of equivalent preference for acceptability of waste management 
options. In the absence of multiplicity as a criterion, these would simply 
reflect similar degrees of technical irreversibility. 

When both criteria are considered, we suggest that an appropriate 
result of increasing site r.ultiplicity would be the acceptance of a somewhat 
less irreversible disposal method, since multiplicity reduces the consequences 
of error. It is therefore suggestive to represent any lines of equal preference 
as arcs upon the diagram, reflecting the joint effects of the two criteria 
reducing risk. As with the location of any particular disposal method, these 
will be somewhat fur.cily defined. 

Where Does ^pace Disposal Fit In? 

As may be seen from examining cither Table 2.1 or Fig. 2.1, space 
disposal is an "extreme" method when judged according to our two criteria. 

It is completely and totally irreversible if the solar escape mission is 
chosen. As was argued above, it is not clear that such complete irreversibil- 
ity would or will be the choice made by society. It is still within the bounds 
of possibility that a high earth orbit would be selected, as this provides 
what amounts to retrievable storage, and retrievable only to a highly tech- 
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nologized society. But the stability of these orbits would have to be 
carefully analyzed. 

Returning to our previous assumption that solar escape would in fact 
be the chosen uission, it' is clear that space disposal presents the greatest 
degree of long-term protection against social and terrestrial uncertainties 
of any disposal nethod. This is not a surprising result, nor was it meant 
to be. Hie purpose of this exercise has been to place space disposal in 
context with other suggested methods for nuclear waste disposal and froa 
this to clarify the reasoning that night lead to the space option being chosen 
in the face of its clearly higher cost and operational hazards. 
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12. The Myca:.3ean tablets written in Linear B were deciphered only a few 

years ago. The 6000 years that have elapsed since they were sealed up 

for later discovery by the destruction of Myccnaea is only about 1/4 

239 

of the half-life of. Pu. Yet, not only was the language of the 
Mycanaean? lost, the tablets resisted all attempts at decipherment for 
■any years after they were discovered. These tablets -ere found together 
with a number of storage jars and other artifacts. Supposing the message 
had read: "Warning, these jars are filled with an invisible and slow- 

acting poison." How could we have even known that the tablets were 
meant as a warning? 

13. That is, to the level ir. currently mined sandstone ores. Reducing to the 
hazard level of pitchblende or other rich ores would not do. Many rtiners 
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classic case is Joachimstaal in Czechoslovakia, where records of deaths 
associated with radiation sickness go back hundreds o c years. The fact 
that a few hazardous deposits have existed does not assign the right to 
create more . 

14. Of course, we could decide that the danger to the future from the rediscovery 
of nuclear fission weapons presents a sufficient hazard that we should not 
leave fissionable materials about in recoverable form at all, under the 
assumption that this civilization will be lucky if i* survives its discovery 
of the fission bomb and that the future may have worse lun!: (if possible). 

As an ethical problem, this is considerably m*.~L wangle J than any other 


we have so far raised. 
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CHAPTER 3 


FECHNICA.L DETERMINANTS : NUCLEAR POWER GP.OVmi - 1975-2000 


The size on. scope of r.ry NASA pr^r.ram to dispose of seme porcien of 
the wastes from the nuclear fuel cycle would depend on the growth and 

technical characteristics of the nuclear power industry over the next few 
decades. A precise determination of the quantities and character of the 
wastes that the space disposal option might be requested to handle would 
be difficult under the best of circumstances, given the uncertainties in 
even the most accurate of forecasting methods for the growth of nuclear 
power. 

The large lead time required from the original commitment to purchase 

or construct a nuclear facility to its completion does provide some 

ability to forecast over five to ten years with a modicum of confidence. 

Longer term trends, however, are harder to establish. Present nuclear 

power plant designs are. very capital intensive.* A continuation of the 

2 

current combination of inflation and plant cost escalation together with 



very tight capital markets might result in continued delays and cancella- 
tions in new plant construction. On the other hand, the development of 
increasing capital liquidity and stand: vdization of plant design (which 
could counter the trend" towards increasing costs) could accelerate 
nuclear power growth in the future. Other factors, such as intervenor 
suits against licensing, the price and availability of coal and oil, 
and the net economic growth in other sectors may also exert considerable 

influence. Table 3.1, adapted from an econometric study by Joskow and 
3 

Baughman well illustrates the sensitivity of nuclear power growth pro - 
jections to such externally determined factors. 

Even i absence of such consider? ti or. ?, projections for the growth 

of the U.S. nuclear power industry vary considerably, as shown on Fig. 

3.1. Curve Aon this figure is the lowest growth projection (Case A) 

4 

of WASH 1139(74), the last of a series of projections made by the AEC 
before it was split into ERDA and the NRC by the implementation of the 
Energy Reorganization Act of 1974. This was a pessimistic projection as 
of 1973, based on the assumption that the construction and licensing 
delays then plaguing the industry would continue for some time. It did, 
however, also assume that there would be a considerable installed capacity 
of high-temperature gas-cooled reactors (HTGR) and liquid-r.etal cooled 
fast-breeder reactors (L'lFDR) by the year 2000. With 1974 being a year 
of increased difficulties for the nuclear industry, many reactor orders 
being either delayed or cancelled, this old 'low' AEC case was substan- 
tially the same as the highest projections used in the first forecast 
made by ERDA after its formation. In CRDA-48,^ the mandated first report 
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TABLE 3.1 


SENSITIVITY OF PROJECTED GENERATION CAPACITY TO 
SOCIO-ECONOMIC FACTORS * 

(GIGAWATTS ELECTRIC) 


TOTAL 

CAP. 

BASE 

CASE 

CASE 
f 2 

CASE 
# 3 

CASE 
# 4a 

CASE 
# 4b 

CASE 
# 5 

CASE 
# 6 

CASE 
t 7 

1980 

696 

6S6 

• 

679 

684 

684 

695 

661 

696 

1985 

820 

786 

809 

780 

774 

8S7 

739 

811 

1995 

1158 

1207 

1154 

1063 

1004 

1194 

1050 

1214 

NUCLEAR 

CAP. 









1980 

80 

80 

87 

80 

80 

SO 

80 

80 

1985 

195 

176 

212 

201 

201 

252 

177 

147 

1995 

497 

297 

621 

513 

525 

480 

375 

293 


Taken from Jo-Jiow and Laughruan, Ref. 3. 


BASE CASE: 

CASE 2: 
CASE 3: 


CASE 4a: 


CASE 4b: 


CASE 5: 
CASE 6: 


CASE 7: 


Sll/bbl. oil, coal at currently expected pi ices, no r.es 
air pollution costs in center of current predictions. 

No 0. P.E.C. Like base case, but fuel prices escalated at 


j~c y o ! jC. t t ) c i 
2%/yr from 


1973 prices. 

High Air Pollution Restrictions . Like base case, but ivith increased 
costs of 2.S mills/kwh for coal and increase in coal and oil plant 
costs. 

Peak Load Pricing. Instituted in 1975 with load factor improved 19% by 


19S5. 


Peak Load Pricing . Instituted in 1975 with load factor improved 20% by 

1985. 


Decreased Nu cl ear Len d Tim es. Lead times red’ ,-d from 10 years to 7. 
High Costs of Capital . Utility capital charge rate increased from IS# 

to 18%. 


High Costs of Uranium Ore and Enrichment . The cost of U^Og is assumed 
to rise from present $8-10 per pound to $20-25 per pound by 1985, 
while enrichment increases to $80/SWU. By 1995 costs will have risen 
to $72/lb for UjOg and $138/SKU in current dollars ($22/lb and $43/SV,U 
in 1974 dollars). 
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Figure 3.1 

NUCLEAR POKER GROWTH PROJECTIONS TO THE YEAR 2000 
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of ERDA on the status of its programs, Scenario I II --intensive elect: ifica- 
tion--closcly approximated Case A of WASH- 11 39 (74) except for a small 
reduction in the estimated LMFBR capacity. 

We have chosen to omit the LMFBR as a source of radioactive waste 
in this study. 0 The net amount of installed LMFBR capacity by the year 
2000 would not be large enough to affect waste management decisions made 
within the time frame we are considering. We have also chosen to omit 
both the HTCR and the proposed light -water breeder reactor (LiVBk) from 
this study. The HTGR has suffered a number of setbacks to commercial iza- 

7 

tion. There is at present no vendor offering such a unit, and only a 

g 

single large plant will be operating in the near future. The LKBR is 

9 

still in the conceptual design stage, and not being too actively promoted 
at the moment. It will certainly contribute no significant capacity by 
the year 2000 unless there is a significant shift in ERDA and vendor 
priorities over the next five years. 

The omission of these three classes of reactor — LMFBR, HTGR, .md 
LWBR — from consideration considerably eases our evaluation of the technical 
determinants of the waste management problem. The LMFBR would produce 
a markedly different mix of isotopes in its waste stream, particularly 
so for high atomic number actinides. 9 10 The HTGR and LV.'BR run on an 
entirely different nuclear fuel cycle--the Thorium -Uranium cycle — than 
do standard LWRs (light-water reactors) and proposed LMFBRs, and would 
present a different, although related, set of problems for waste 
disposal . 11 
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As a result of these considerations, we have chosen ;o restrict this 
study solely to the wastes produced by commercial I‘ : -water reactors (LlVR) 
similar to those now in operation. Even if some LMFBR or HTGR capacity 
exists, the LWRs will provide the bulk of the wastes to be disposed of 
during the 1975-2000 period analyzed in this study. Curve B, the most 
optimistic of the ERDA-48 projections in the absence of significant com- 
mercial LKFBR capacity by the year 2000, may then be taken as an upper 
limit projection for the purposes of this study. It corresponds to both 
Scenario 0 — business as usual--and Scenario 1 1 --extensive use of synthetic 
fuels --of ERDA 48. 

Curve D is the energy conservation scenario >f ERDA-48, Scenario I 

12 

for improved efficiencies in r.id use of energy. This projection is 
fairly low for ERDA, but corresponds rather well to many projections made 
by more conservative outsiders such as the Ford Foundation Energy Policy 
Project. Although this case is driven by conservation alone, a combination 
of more modest conservation efforts and continuing economic difficulties 
fo. the nuclear power industry could well have a .-imilar effect on reducing 
the use of nuclear fission power even if total electric power grows some- 
what more rapidly than the scenario predicts. 

ERDA-48 also contains an ultra-low piojection, shown as Curve E. 
Scenario IV, represented by this curve, is meant to 

represent a sudden decision on the part of society to terminate all new 
construction of nuclear fission power plants after 1985. Ihe sharp knee 
in this curve is derived from the assumption that all plants presently 
ordered or planned for completion before 198 r are constructed as planned 
and on schedule. This seems unrealistic . 


As an alternative, we have 
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constructed Case F as the lowest conceivable projection for nuclear 
power to the year 2000 under the assumption that no coapleted plant will 
be forced to shut down or reduce its operating capacity, but that a social 
or political decision to terminate all fur titer development of nuclear fission is 
made in the next year or two. Ke assume that those plants for which a 
substantial amount of site work has already been done will eventually be 
completed and operated, albeit at a gradual pace that reflects delays 
for core cocprehensivc environmental and site surveys. The purpose of 
taking srch a case is to examine whether the space disposal optiou could 
reasonably be expected to play a role in a socio-political decision to 
terainatc all use of fission power as soon as possible and to remove all 
hazardous byproducts of the nuclear fuel cycle as completely es possible 
from the human environaent during the operating life of the existing plants. 

Case C, however, is the central projection to be used fer the purpose 
cr determining waste disposal parameters in this study. It mist be 
emphasized that this is not a "projection" of nuclear power growth in the 
usual sense. It is a heuristic device to allow the calculation of types 
of quantities of wastes that space disposal might be called upon the deal 
with. it corresponds fairly well to several other growth projections, 
such as Scenario I of ERDA-48, it is a not unreasonable projection; 
furthermore, it is also within the range of vrent econometric estimates 
that reflect the trend to increasing cost escalation a’id further delays 
in plant construction schedules. By taking a mid-range project. on, we 
avoid the possibility of appearing to bias the case for or z^ainst the 
space disposal option by a.'suaing unreasonably high or low values. Yet, 
the values we do chose a?e not so different from current high projections 
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as to preclude the adaptation of the results of this study to then without 
doing violence to the assunptions we nake. 

Given that a projection in this range is desirable. Curve C has 
certain advantages for analysis. A linear growth aodel for installed 
LHR rapacity frea 1385 to 2000 is used, which simplifies estimations of 
wastes. Fron the point of view of inpact analysis, this is also a con- 
servative estimate, for not only the size of the industry but its rate 
of growth present social, economic, and political problcas. By assuming 
a constant growth rate, we limit the effects of increasing scale of 
operation largely to those arising in the waste management itself. 

The precise end point of the model — 430 &r(e) in the year 2000 — was also 
chosen to simplify estimates. This industry size is identical to that 
used for detailed analysis in VASH-1527, the draft Generic Environmental 
Statement on the Use of Mixed Oxide Fuel (commonly known as GESN50) 

Many of the relevant calculations made in the draft GESMO can therefore be 
taken over directly for our purposes. The one major emendation is the 
stretching out of the time scale to correspond to our model calculation. 
The analysis year of 199G predicates more rapid growth than wc have 
assumed here. Our model assumes a constant growth rate cf 17 Gw(e) 
installed capacity per year between 1985 and 2000. fee also assume that 
the mix of LKRs will tend to 2/3 pressurized water reactors (F*R) to 
1/3 boiling water reactors (BKR) by the year 2000. 

The other factors regarding LSCR operations are of some interest to 
us in estimating quantities and types of waste. The availability factor 
a reacts .>urcs the total fraction of time that a plant is capable 



TABLE 3.2 


CAPACITY FACTORS FOR LI fflT- HATER REACTORS 


P re- Ope rational Phase 40* 

First TVo Years of Commercial 

Operation 65% 

Years 3 through IS: 


High Case 

75% 

(790 

Gh'(e) 

by 

Moderatc/High 

72% 

(640 

G:(e) 

by 

Moderate/'**: 

70% 

(545 

Glf(e) 

by 

Lot* Case 

70% 

(445 

GV(e) 

by 


Years 15 through end of 

Gomsercinl Life decline at 2%/yr. 

Minimus at 2nd of Life 40% 

Source: Energy Research and Development Administration, 1976. 


1995) 

1995) 

1995) 

1995) 
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of generating power. The capacity factor (C.F.), on the other hand, 
is obtained by dividing the total nunber of hw-hrs delivered during 
a given year by the maximum obtainable energy (the total electrical 
capacity at full power multiplied by 8760 hours/year). Table 3.2 
lists the expected C.F. perforaance of a typical Lh'R as a function 
of age. 15 Unfortunately, the C.F. of nuclear plants has becc.te the focus 
of some controversy ever specifications, and the consequence has been 
some juggling both of numbers and of definitions. 16 Ke take the full 
power rating of the plant to be defined '>y the core size and power density 
and the fuel bum (to be specified belowj, and define the capacity factor 
accordingly. 

Table 3.5 lists the installed Lh'R capacity at the end of each calendar 
year to the year 2000 for Case C of Fig. II. 1, our primary test case. The 

capacity factors listed extrapolate from presently known figures for past 

17 

years to a projection slightly more optimistic than mid-range ERDA 
values. The LKR "burn" column lists the average electric power actually 
delivered during the listed year (that is, installed capacity x capacity 
factor). Although not commonly referred to, this number has profound 
implications for fuel cycle and waste management since, with appropriate 
operating conditions, the fuel burr, and quantity of fuel removed each 
year should he detcraincd by the delivered po wer rather than the installed 
capacity . 

The Nuclear fuel Cycle 

As with other'- energy technologies, the generation of electricity by 
LKRs entails the production of effluents and wastes at many points in 
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TABLE 3.3 


CASE "C" PROBABLE NUCLEAR GROWTH TO THE YEAR 2000 and WASTE PROJECTIONS 





Mg 

Mg 

Mg 

Mg 

annual 

LKR C. F. 

LKR 

spent 

spent 

spent 

spent 

reprocessing 

cap. 

bum 

fuel 

fuel 

fuel 

fuel 

capacity 

YEAR GK(e) 

GK(e) 

annual 

cum. 

annual 

cum. 

(Mg) 


1973 

23- 2* 

£ 



B 




1974 

K' 4* 

.52* 

15.8 


926 


926 


1975 

40.2 

.53 

21.3 

„ f# 
700 

1626** 

700 

1626 

0 

197o 

45.9 

.54 

25.3 

1000 

2626 

1000 

2626 

0 

1977 

54.6 

.55 

50. 6 

1325 

3950 

1325 

3950 

0 

1978 

61.7 

.56 

34.6 

1550 

55C0 

1550 

5500 

0 

1979 

72 

.58 

41.8 

1800 

7300 

1800 

7300 

0 

1980 

SS 

.59 

51.9 

2000 

9300 

2000 

9300 

500 

1981 

107 

.6 

64.2 

2400 

11700 

2400 

11700 

1000 

1982 

124 

.6 

74.4 

2900 

14600 

2900 

14600 

15C0 

1985 

141 

.61 

86 

3300 

18190 

3500 

17900 

1500 

1984 

IBS 

.62 

58 

4100 

22200 

3600 

21300 

1500 

1985 

175 

.63 

no 

4650 

26850 

3900 

25400 

2000 

1986 

192 

.64 

123 

5200 

32050 

4100 

29500 

2500 

1987 

209 

.65 

156 

5800 

37850 

4300 

33S00 

3000 

19SS 

226 

.66 

149 

6350 

44200 

4500 

38300 

3000 

19S9 

245 

.67 

163 

6900 

51100 

4700 

43000 

3000 

1990 

260 

.68 

177 

7500 

5S600 

5000 

4 SOOO 

3000 

1991 

277 

.69 

191 

sooo 

66600 

5400 

55-100 

3500 

1992 

294 

.7 

206 

8600 

75200 

5800 

58200 

4500 

1993 

311 

.7 

218 

9150 

84 550 

6200 

65400 

5500 

1994 

328 

.7 

230 

9700 

94050 

6600 

72000 

6000 

1995 

345 

.7 

242 

10300 

104 350 

7000 

79000 

6000 

1996 

362 

.7 

253 

10801) 

115150 

74 00 

86400 

6500 

1997 

379 

.7 

265 

11400 

126550 

7S00 

94200 

7500 

1998 

396 

.7 

277 

11900 

138450 

8200 

102400 

S500 

1999 

413 

.7 

284 

12500 

150950 

8600 

111000 

9000 

2000 

430 

.7 

301 

13050 

164000 

9000 

120000 

9000 

* Assures 

annuel 

refuel 

for design 

base of 

33,000 XKd 

^/Kg at 100 

» C.F. 


** Assures shift to full 33,000 KW^/Kg bum by the year 1990 
f Actual data compiled from ERDA and industry reports 


SS Data obtained from ERDA- 25 
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the cycle from *hc *'xtraction of ore to the ultimate disposal of high-level 
wastes, .‘.ost competing technologies, however, use a "throw-away" fuel 
cycle, in which the energy source is mined or extracted, consumed, and 

the residue disposed of. In contrast, the incomplete consumption of 

235 239 

fissile U and the production of fissile Pu in the operation of LKRs 

has led to proposals to "close" the nuclear fuel cycle by repro- 
cessing the spent fuel to extract valuable U and Pu and recycling these 
back into the reactors. Such a complete fuel cycle is illustrated 
schematically in Fig. 3.2. Table 5.4 lists the definition^ and sources of 
various types of wastes from the operation of this conceptual fuel cycle. 

For simplicity, all fuel and waste quantities in the cycle are 
normalised by referring them to a hypothetical "model" FV.’K having a 
thermal efficiency of 32.5*, a specific core power density of 30 MV.’(th) /Mg 
(30 Megawatts theraal/metric tonne of fuel) , and an electrical power 
output of 1 GW(e) . Thus a total electrical capacity of, for instance, 

200 Gf(e) can be modelled by considering 200 such "model" reactors. 

18 

Fig. II. 3 is a flow chart for such a reactor. The quantities listed on 

this figure assume a capacity factor of 100% (that is, operation at full 
power for 8760 hours during the year) . The spent fuel figures assume 

the annual turnover of onc-third of the PW : R core. For a BWR, only one- 
fourth of the core is replaced annually. However, as the core itself 
is roughly 4/3 the size of a PKR core, spent fuel composition and 
quantities will be roughly the same, and no further distinction between 
the two types of LKR need be drawn. 

In actual practice, reactors cannot be operated at capacity factors 
of 100%. The limiting availability factor is estimated to be 80 to 85%, 
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TABLE 3.4 

WHAT ARE THE WASTES? 

FISSION PRODUCTS: 

From fission of uranium or plutonium. About 10kg per Mtf(e)-yr. 

Short to intermediate half-lives. Beta and gamma emitters. 

TRANSURAN ICS : 

From neutron capture by uranium or other transuranics. Quantity produced 
depends on reactor type and design. Long half-lives. Alpha emitters. 

ACTIVATION PRODUCTS: 

From neutron capture by and transmutation of non-radioactive materials. 
EFFLUENTS : 

Liquids or aiT containing radioactive materials or gases in small 
quantities. 


CATEGORIES OF WASTES TO BE MANAGED 

FROM REACTORS: 

Fission products and transuranics from leaking fuel, activation products 
and materials contaminated with these. Low to intermediate concentration. 
Fuel containing residual uranium, plutonium, transuranics, fission products. 

FROM FUEL PROCESSING: 

High level wastes from solvent extraction; concentrated fission products 
with residual uranium and plutonium and the remainder of the transuranics. 
Intermediate level wastes; less concentrated fission product contaminated 
chemical wastes and products from effluent cleanup. 

Cladding hulls and activated fuel components. 

Evolved gaseous fission products as effluents. 

No liquid effluents will be allowed. 

FROM FUEL RE FABRICATION: 

TTansuranic contaminated solids. 

Liquid effluent treatment sludges. 

FROM ALL: 

Lc-w level wastes from contaminated gjoves, wipers, boots, etc. 
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due to routine maintenance and refueling schedules. As we wish to 
determine the industry-wide average capacity factors, we should include 
an effective reduction owing to the operation of LIVRs at less than full 
power during the initial start-up and towards the end of plant life, as 
in Table 3.2. The capacity factors shown in Tabic 3.1 represent a fairly 
optimistic judgment of the annual average capacity factor based on previous 
experience and the mix of new and old plants. These factors are somewhat 
lower than those in soae industry documents, and slightly higher than in 
some ERDA estimates, but our results can easily be scaled by an appropriate 
multiplicative factor since they are within a few percent of other predic- 
tions. 

More important for this study is determining the bes- vay to convert 
the data given in Fig. 5.3 on the basis of 100« capacity factor into actual 
quantities of spent fuel and waste, as this depends critically on uecisiors 
that are made regarding refueling operations and plant management. The 
common consensus among ERDA and industry documents is that present and 
future LKR fuel is adequate for a fuel burn of 33,000 MU' (th ) /Mg , 
corresponding to a full operating ti me of 1100 days at a specific power 
of 50MW(th)/Mg of fuel. The specified core turnover of 1/5 (for a PUP) 
or 1/4 (for a BUR) of the full core every year then results in the annual 
withdrawn* of 33 Mg of spe. t fuel per year, irradirted to the full burn of 
33,000 MKd(th)/N.„. 

Given the lower capac'ty factors in actual practice, two fuel manage- 
ment decisions could be made. Current pr.- tice is to rofue 1 the reactoi* 
and remove the spent fuel during annual inspection shutdowns. If this 
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practice is continued, 33 Mg of spent fuel will be removed each year for 
every GW(e) of installed capacity. This is the projection used to generate 
case Cj of Table 3.3. Our projections for this case duplicate almost exactly 
the waste projection for the period 1975-1982 that were made inERDA-25. 

As ERDA-25 is compiled from actual industry estimates for real plants, 

the accuracy of our model is confirmed by this agreement. For this case, 

the reduced capacity factor results in a reduction in irradiation of the 

spent fuel rather than mass. For instance, at a capacity factor of 701, 

the average spent fuel irradiation weald be (0.7 x 33,000) or 23,100 MV.’d(th) /Mg . 

At present enrichment capacity is becoming both scarce and increasingly 
21 

expensive. There is also considerable pressure to use our limited 
resources of inexpensive and readily accessible U ores as efficiently as 
possible. These two factors may result in the alteration of the present 
policy of annual refueling, and a transition to a cycle in which the reactor 
is only refueled after each cumulated reactor-year of full-power operation. 

Each fuel element would then reside in the reactor for 1100 days at full 
power before removal, and all spent fuel would be irradiated to the full 
limit of 3.»,000 MV*d(th)/Mg. In this case, the irradiation of spent fuel 
would remain constant, but the mass discharged annually would depend on 
the capacity factor for that year. A convenient shorthand method for 
calculating the spent fuel mass in this model is to note that 33 Mg of 
spent fuel are discharged for each GW(e)-year of delive red electrical 
energy (corresponding to the "burn” column of Table 3. 5). 22 Case C 2 has 
been constructed to reflect the possibility that such a decision would be 
made in the near future. The assumption made is that the transition from 
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annual refueling to demand refueling begins in the year 1982 and is 
essentially completed by 1990. 

It should also be noted that the quantities of spent fuel listed in 

Table 3.3 are entered t as of the year they v;ould be shipped to the reprocessing 

plant. We have used the usual algorithm to take into account on-site 

storage for initial decay of short-lived isotopes, shipment times and 

schedules etc. and the waste quantities listed reflect the installed 

23 

capacities as of two years earlier. 

At the present time, there is no reprocessing capacity available at 
all in the United States, and current spent fuel is being stored at reactor 
sites pending a decision as to further storage or initiation of reprocessing 
operations. Thus, although the nuclear fuel cycle is not a "throw-away" 
operation, it might be well characterised at present as a "stow- away" cycle. 
Current opinion within and without ERDA, NRC, and the industry is that the 
potential value of the spent fuel as a resource for U, Pu, and other 
potentially valuable isotopes is such that it will continue to be stored 
for future use even if the advent reprocessing recedes into the far 
future . 

For the time being, then, no wastes from the commercial nuclear 

fuel cycle are being produced in the concentrated, highly toxic forms that 

2^1 

would lead to consideration of space disposal. The only present byproducts 
of nuclear power operations are effluents and tailings, low-lcvcl and 
transuranic-contaminatcd wastes, and spent fuel elements. Of these, only 
the spent fuel begins to approach the conditions of high specific activity 
and relative concentration that might lead to consideration of space dis- 
posal. There is, of course, - possibility that, should reprocessing be 
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decided against entirely or should alternative energy sources appear on 
the horizon, a decision sight be made to treat the spent fuel as waste 
and dispose of it permanently. As can be seen from Table 3.3, this would 
involve the disposition 1 of between 20D0 and 10,000 Mg of spent fuel per 
year, together with associated shielding. Although this cannot be said 
to be an impossible task for space disposal, it most, certainly exceeds 
present NASA plans and capabilities. 

Towards the very low end of the range of nuclear power growth 
projections, however, there is a marginal possibility that space disposal 
might be used to eliminate the last vestiges of a nuclear fi.sion power 
economy that is being phased out. In our Case F, for instance, the 
decision to terminate all use of fission power might be accompanied by 
a determination to dispose of all spent fuel as well. The requirements 
for a waste disposal operation would then remain at a relatively constant 
figures of about 2000 Mg per year for many decades. This case will be 
examined briefly in this report to determine whether such operations 
could be implemented even if they were desired. Nevertheless, as the 
probability that this will occur is quite low, wc may safely assume that 
there will be no role at all for space disposal operations in the absence 
of operating facilities for the reprocessing of spent fuel. 


Reprocessing 

Owing primarily to the buildup of fission products ir* the fuel elements, 
they are removed from the reactor before all tne fissile material is con- 
sumed. As can be seen ,'rom the data of Fig. 3.3, the considerable expense 
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and effort that goes into producing fuel for a U-fueled LWR by isotopic 

235 235 

enrichment of natural uranium from 0.7% U to 3.3% U produces about 

1100 kg of fissile material in a total annual fuel charge of 34,000 kg. 

Even at tl full fuel burn of 33,000 Mifd(th)/Mg the 'Jin the spent fuel 

'is somewhat more enriched than natural uranium- -about 0 . 83% - -and has sene 

value as a feed material for enrichment If it can be separated from the 

fission products and the other actinides. Furthermore, neutron absorbtiort 
238 239 

by U produces Pu, which is also a fissile material. When all the 
neutron absorption mechanisms and actinide chains are counted, there are 
about 210 kg of fissile Pu contained in the annual spent fuel discharge 

of 33,000 kg roughly the sane mass c.s that of the remaining fissile 

2 7 *S 

‘ ‘ U . Thus, for an annual charge of about 1100 kg of fissile material, 

the reactor spent fuel stream contains almost 500 of fissile mute. 1 ; 

?5 

which could be recovered and recycled back for use in reactors. “ This 
is an appreciable fraction of the initial charge. 

If the spent fuel is reprocessed to separate the U from the other 
material present, the resulting U stream could easily be fed back into 
the enrichment plant, decreasing the requirement for mining, mi ng, 
and concentration. The isotopic composition of the U in this case is 
such that there would be no radiological problems if the U stream ere 
kept quite pure. Assuming that only the U is recycled back for re-cue, 


this would mean a reduction of about 10% in requ: . or, tents for U ore;;.' 


Reduction in enrichment requirements is quite sensitive to the actual U 

27 

assay, but would probably be only one or two percent. 



Hi^i-lwrei nuclear tastes consist of the balance of the Materials in 
the fWel eloMats once the V owl Pu have been renewed. la the reprocessing 
operation, the Ions this fuel pits axe sheared into short sections and the 
contents dissolved Oat of the Insoluble Zircalloy cladding, the irradiated 
Zjxctlloy, together with traces of uwdis solved foel , is treated separately 
as intern ediate level waste. As about 96% of the nass of the dissolved 
fuel is stable 2M U, the cheaical extraction of V from the nixture rcawes 
the pr inary non-toxic dilutant, leaving a mixture consisting of a snail 
fraction of unextracted U t and Pu, the balance of the other actinides, 
and the highly active fission products . Aheost none of the radioactivity 
goes off with the U, and little with the Pu. The result of this process 
frees the point of view of waste management is a roughly 20-fold concentra- 
tion of the hazardous components of the spent fuel into liquid high-level 

. 28 
wastes. 

Carrying out such a process without also extracting and separating 

out the Pu is held to be undesirable for several reasons. Pu separation 

has been practiced for decades as part of the nuclear weapons program 

and is a well understood process. If the Pu were not removed, its concentration 

in the waste stream would be sufficiently high to raise the possibility 

29 

of a criticality incident. The whole waste mass would have to be 
handled most carefully. It would also have to be safeguarded against 
possible diversion or theft. On the other hand, extracted Pu could be 
recycled back into reactors without going through expensive enrichment 
stages, or could be used to fuel breeder reactors. In either case, it 
has a high value. For these reasons, all reprocessing plans to date assume 
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tint the Pu idli also he extracted fro* the spent fuel during reprocessing, 
collected as relatively pure plutouiun nitrate, and stored pending a 
decision on its further use. 

tfith our previous assumption that the total mass of spent fuel will 
be too large for the space disposal uethod to he of interest, reprocessing 
is at ne c es sary precondition. This situation surrounding 
the future of the fuel reprocessing industry is. however, sufficiently 
uncertain so as to preclude any appeal to authoritative outside sources 
for tinetables and capacity. Therefore, a heuristic, but not unreasonable, 
estimate of the growth of the reprocessing industry over the years 1975-2000 
has been constructed for the purpose of generating a set of numbers that 
can be used for further analysis in this study. Again, we emphasize that 
these are not predictions, in the ordinary sense, but rather a set of 
judgments that allow modelling to proceed cm the basis of 'Wat if. . 

There are a few facts about the potential fuel reprocessing industry 
that are known well enough to allow the generation of short term predictions 
based on firm planning. Table 3.5 is a list of extant and planned fuel 
reprocessing facilities in the world. The only reprocessing plant 
presently committed in the United States is AGKS in Barnwell, South 
Carolina. The reprocessing portion of the plant is completed and under- 
going tests, although waste handling and other support facilities needed 
for licensed operation are not yet in place. Start-up time for commercial 
operation at AGNS depends on the status of ERPA and NRC decisions, regula- 
tions. and hearings, and are the subject of some debate. He have taken 
a moderately optimistic tack and assume that AGNS will start commercial 
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TAME 3.5 

M&U&XOE SUMMARY OF CURRENT AND PLANNED REPROCESSING PLANTS 


LOCATION 

OPERATOR 

CAPACITY 

IHe/xrJ 

OPERATING 

DATE 

CURRENT 

STATUS 

U.S.A. 

Vast Valley, N.Y. 

NFS 

e 

300 

1966-72 

shut down for expansion 

n 

M 

7S9 

1980s 

needs new construction per ait 

Norris, III. 

GE 

300 

— 

inoperable in present fim. 

teunwell, S.C. 

AGNS 

1SD0 

19S3 

awaiting GESM0 decision 

Loudon, Tcnn? 

Exxon 

2000? 

taid-80s 

in certain at present 

U.K. 

Vindscale 

BNFL 

1500 -2 SOD 

1964 * 

V • curl only, near full capacity 

" oxide plant 

It 

300 

1972 

fir. down after incident 

" oxide plant 

It 

400 

1978 

‘.“AidiiiKsd oxide plant 

" new oxide plant 

II 

1000 

1984 

cc.asrcwl, for domestic use 

" new oxide plant 

«* 

1000 

1987 

pending. Tar overseas contracts 

France 
La Hague 

CEA 

300 

1966 * 

U metal only, to be remodeled 

II 

II 

150-800 

1976 

oride, to be phased in 

N 

It 

1000 

1985 

new oxide plant, planning phase 

Marcoule 

CEA 

900-1200 

1958* 

old military U metal plant 

Germany 

Karlsruhe NAK 

KEtfA 

40 

1970 

pilot oxide plan*. 

» 

PWK/KEKA 

1500 

1984 

commercial oxide, design stage 

Japan 

Tokai Mura 

PNC 

200 

1976 

non-active: demonstration plant 

— ? 

PNC 

1000 

late 80s 

commercial , r.c site found yet 

Belgium 

Mol 

Eurochemic 

60 

1966 

shut down; future in doubt 

Italy 

Saluggia (Eurox 1) 

CNEN 

10 

1969 

pilot; shut down for modification 

India 

Trombay 

IAEC 

• 

60 

1965 

pilot; natural U oxide 


* These plants do not process commercial oxide fuels from light- water reactors. 
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operation in 1983, approaching its full capacity of ISM Mg per year by 

increasing annual capacity in 500 Mg steps . 

The only other firmly planned reprocessing facility is the proposed 
* 

Exxon operation at Loudon, Tennessee. As no construction has yet been 

committed on this plant pending Exxon's determination of profitability 

and licensability, estimates of start-up time are difficult to make, We 

again take a reasonbly optimistic stance, and assume that present ERDA 

estimates of a 1985 start-up date are correct. As with AGKS, it is 

assumed that this plant will have a capacity of 1500 % per year, and 

30 

that it will phase in by annual 500 Mg steps. 

The planning of new capacity is expected to be delayed until ACKS 
is licensed and operating experience is acquired. Taking our estimates 
for the date of AGNS operations and allowing for appropriate lead and 

construction times, we estimate that the earliest date for additional 
reprocessing capacity to come on line would be 1990. By this time, 
pressure on spent fuel storage would be considerable, and the rapid con- 
struction of new facilities would undoubtedly have high priority.^ We 
estimate that the next installation would be a plant cf 3000 Mg/yr 
capacity starting up in 1990, followed by another 3000 Mg/yr unit in 
1995. As with reactors, it is most convenient to treat this capacity 
in terms of a ''model” plant. Here we have taken a 1500 Mg/yr unit 
similar to AGKS as our model . 

This amount of reprocessing capacity comes very close to closing the 
fuel cycle of Case C 2 by the year 2000. As shown in Fig. 3.4, additional 
capacity would be needed tu handle the additional reactors beyond 2000. 



SPENT FUEL, tonne/year: REPROCESSING CAPACITY, tp 


10.000 


coco 



CALENDAR YEAR 
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As -the construction of any new capacity in the last few years of the 
selected 1975-2000 period has little, if any, effect on our results, 
and as we expect that the situation regarding the nuclear fuel cycle 
will be radically altered towards the end of the century by the advent 
of fusion power, breeder reactors, or other sources of energy, we terminate 
our heuristic model with the 1995 installation. 

Even though there is a marked gap between the estimated reprocessing 
capacity and the amount of spent fuel generated by Case (which 
represents current practice), a comparison of our figures with statements 
from industry and government sources indicates that our estimates of 
reprocessing capacity are not likely to be exceeded in the absence of a 
crash government program tc reduce spent fuel backlogs. AGNS alone 
would provide sufficient Pu ro start up even a quite rapid LMFBR program, 
so the level of cocsaitment to the LMFBR over the stated time period is 
of little import. 

As with the projections made for total installed nuclear capacity, 
the estimates made here for reprocessing capacity have the additional 
convenience of corresponding, in the year. 2000, to the assumptions used 
to analyze the test year of 1990 in the draft GOSMO. Once again, this enables 
us to take over their 1990 results directly for our year 2000 estimates. 

It is important to note that the high-level wastes (HLW) are produced 
at the reprocessing plants, not the reactors. Therefore, it is the 
assum ption _a s_to n et re processing capacity _that_ gover ns the waste pro- 
jections to be used in this study . Under the further assumption that no 
attempt will be made to dispose of undifferentiated spent fuel or other 
wastes from the nuclear fuel cycle via space disposal, the distinction 

opjginai! PAGB 3g 

- ( 1 iR Ol .'A i JTY 
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between Cases Cj and above is of little relevance to the waste mass to 
be handled. The different fuel bums assumed in these two cases will, 
however, make a difference in packaging the wastes for disposal, which will 
affect the number of shots to be made. This will be .discussed in detail 
further on in this report. 


Other Wastes 

The types and quantities of wastes to be generated by an entire, 

closed nuclear fuel cycle have been listed in Table 3.4. It is unlikely 

that the combination of relatively high volume and low activity for wastes 

other than high-level from the reprocessing plants will be suitable for 

space disposal. Tne possible exception to this rule might- be the disposal 

ion 33 

of radioactive noble gases, such as *K.r or ‘"I. The transport, 
packaging, and safety requirements for these present a quite different 
set of problems than for conventional HLW and, in the absence of present 
indications that space disposal would be used for the disposal of noble 
gases, they are not considered further in this report. 


Chai*acteri2ation of High-Level Wastes 


In order to examine the heat production and radioactivity of the 
HLW, both of which are critical for consideration of packaging for space 
disposal, sane assumptions will have to be made about their isotopic 
composition. This will also affect their relative hazard to life and 
therefore the effects of accidents on land, in water, or irt the atmosphere. 



JO, 
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The Basses to-be dealt with, however , depend only on the installed reproces- 
sing capacity and can be calculated using our previous estimates. 

According to federal regulations , the HLW from reprocessing can be 

34 

held as liquids for no more than five years. They wist be solidified 
within tiiis time and may then be held for an additional period (but not 
longer than ten years from their date of production) before being shipped 
for storage and disposal . For the purposes of this report, we assume 
that the wastes are held at the reprocessing plant for the full ten years 
before being shipped. This is a particularly reasonable assumption for 
space disposal, since the wastes continue to decay and get easier to 
handle as each year goes by. 

Several processes have been suggested for solidification of HLW. ^ 

Again, we must make a set of assumptions for the purposes of this study. 

We will assume that the solidified HLW will have a density of 2, indepe:. ~nt 

3 3 

of their form, and that 0.0S7 m (2 ft ) if solid waste are produced per 

Mg of spent fuel. This corresponds to the GESMO assumption that 3.14 Mg 

of spent fuel reprocessed will generate the amount of solidified HLW to 

3 3 

fill a standard 0.18 ra (6.28 ft') shipping canister. Figure 3.5 shows 
the quantity of HLW solids that would be produced by the reprocessing 
capacity shown in Fig. 3.4. The solid HLW listed for the years of shipment, 

1990-2010, correspond to spent fuel reprocessed in the years 1980-2000. 

The total mass of HLW as stated above is relatively insensitive 

to reactor operating conditions, but the specific production of some of 
the more hazaidous and difficult to deal with transuranics is not. Making 
the usual assumption of 99.5% extraction of U and Pu from the spent fuel, 
there will be about 5 kg of U and less than 100 g of Pu in the HLW per 









3.30 


tonne of spent fuel, compared to about 29 kg of fission products (if the 

fuel is burned for the full 33,000 MWd (th) /Mg) . When the masses of the 

various reprocessing chemicals and materials used in solidification are 
36 # 

added, the HLW from 1 Mg of spent fuel amount to about 115 kg. For 
Case C i in which the fuel is burned for an average of only 23,000 MWd(th)/Mg 
the solidified HLW mass would be expected to be somewhat less per Mg of fuel 
How much less is not clear. If all masses are proportional to fission 
products, and fission products are proportional to burn, then we would 
expect a reduction of about 30% in the HLW production from the stated 
reprocessing capacity. The reduction will probably be less than this, 
but certainly greater than just the few kg reduction in fission product 
mass. As the only good calculations available to us are for burns of 
33,000 MV.'d(th) /Mg, we will continue to use this figure as a benchmark, 
thus implicitly accepting the validity of case C_. Should case C. prove 

i X 

closer to the mark, we suggest that this would reduce the total HLW mass 
by 20% ±10%. 

Tables 3.6(a) and 3.6(b) list the composition, activity, and thermal 

power of spent fuel from a LWR-U cycle per tonne of spent fuel for HLW 

aged 150 days before reprocessing and for reprocessed fuel stored for 10 

90 

years afterwards. The fission products consist primarily of Sr and its 
90 157 137 

daughter Y, and Cs and its daughter Ba. These data, based on the 

37 

ORIGEN code developed at the Oak Ridge National Laboratory, are for 
model Diablo Canyon LWR-U fuel burned at the specified 20MW(th)/Mg for 
• 1100 days. The data for this fuel are available for all shorter bum times 
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TABLE 3.6 (a) 


MASS, ACTIVITY, AND THERMAL POWER OF IMPORTANT ISOTOPES CALCULATED 
TO BE PRESENT IN MODEL LIGHT-WATER REACTOR REFERENCE URANIUM FUEL 
PER METRIC ION (Mg.) OF FUEL CHARGED TO THE REACTOR: 150- DAY AGED.* 


NUCLIDE 

* MASS 
grams 

ACTIVITY 

Curies 

THERMAL POWER 
watts 

Curium 

35.3 

17,400. 

638. 

Americium 

J 53. 

226. 

7.3 

Plutonium 

9,080. 

118,000. 

123. 

Neptunium 

762. 

17.9 

0.005 

Uranium 

955,000. 

; 0.9 

0.002 

Total Actinide 

965,000. 

1'36,000. 

769. 

Europi urn 

182. 

13,400. 

71.7 

Samarium 

£08. 

1,150. 

2.0 

Prcraetheum 

107. 

99,800. 

56.5 

Neodymium 

3,910. 

51. 

0.14 

Praseodymium 

1,200. 

771,000. 

5,730. 

Cerium 

2,8S0. 

827,000. 

787. 

Lanthanum 

1,270. 

495 . 

8.2 

Barium 

1,390. 

100,000. 

392. 

Cesium 

2,720. 

320,000. 

2,410. 

Yttrium 

468. 

235,000. 

1,040. 

Strontium 

896. 

173,000. 

445. 

Krypton 

373. 

11,200. 

IS. 

Other Products 

18,800. 

1,840,000. 

8,340. 

Total Fission 
Products 

35,000. 

4,390,000. 

19,300. 

TOTAL 

1 ,000,000. 

4,526,000. 

20,070. 


‘Source: OR I GEN 

Code, Ref. 37. 
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TABLE 3.6 (b) 

MASS, ACTIVITY, AND THERMAL POKER OF IMPORTANT ISOTOPES CALCULATED TO 
BE PRESENT IN MODEL LIGHT-WATER REACTOR REFERENCE FUEL PER METRIC TON 
(Mg) OF FUEL CHARGED TO THE REACTOR. WASTES PROCESSED AT ISO DAYS 
WITH 99.5% EXTRACTION OF PU AND U, AND STORED FOR TEN YEARS.* 


NUCLIDE 

MASS 
• * gm 

ACTIVITY 

Ci. 

THERMAL POWER 
watts 


Curium 

21.3 

1,730. 

60.5 


Americium 

145. 

200. 

6.4 

* 

Plutonium 

58. 

452. 

3.6 


Neptunium 

762. 

17.9 

0.005 


Uranium 

4,780. 

0.006 

0.00016. 


Total Actinide 

5,760. 

2,405. 

70.6 


Europium 

164. 

4,670. 

42.4 


Samarium 

904 . 

1,070 

1.9 


Prometheura 

8.5 

7,870 

4.1 


Praseodymium 

1,200. 

150. 

1.1 


Cerium 

2,640. 

150. 

0.1 


Barium 

1,790. 

79,800. 

313. 


Cesium 

2,320. 

93,700. 

226. 


Rhenium 

392. 

550. 

5.3 


Ruthenium 

2,140. 

550. 

0.03 


Yttrium 

465. 

60,500. 

346. 


Strontium 

778. 

60,500. 

78.8 


Krypton 

360. 

6,050. 

9.7 


Other Products 

21,840. 

1,440. 

1.6 


Total Fission 
Product 

35,000. 

317,000. 

1,030. 


• 

TOTAL 

40,760. 

319,400 

1,100. 



Source: ORIGEN, Ref. 37 
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and may also be used to generate data for cases such as where the 
assumed burn time is shorter. 

Table 3.7 lists some important hazardous isotopes present in the 
solidified HLl.’ , as well as their half-lives, decay modes, and toxicity. 


The toxicity is measured by two related hazard indices: the maximum permis- 

sible concentration (MPC) of the given isotope in air or in water; and a 
reciprocal index, the volume of air or water needed to dilute the amount 
of this isotope generated in one year of operation of a "model" 1 (GW(e) 

I.WR reactor at 100% C.F. to the allowable MPC level . Ju Figure 3.6 is a 
comprehensive plot of the radioactivity in the liLV.’ solids from this model 
reactor as a function of tine after discharge. It should be noted that for 

time exceeding a few hundreds of years, the activity in the wastes is 

f)c. 

dominated by the remaining An and bo and by the fission products "‘l: 
l?q 

and * 1 . 


The HLW constituents divide fairly neatly according to the type and 

99 

duration of the hazard presented. With the exception of Wlt a 

5 1 9 9 

half-life of 2.1 x 10 years, and “ I which presents rather, special 

problems, fission products have half-lives that arc short enough so that 

isolation from the biosphere for one or two thousand years should reduce 

the activity to ncar-background levels. Furthermore, the decry modes are 

primarily beta and gamma emission, whereas the longer-lived actinides 

^ * X 

are strong alpha-emitters. With the notable exception of ~ Pu, which is 
a strong beta emitter with a 13.2 year half-life, most of the actinides 
are radiologically hazardois as emitters of 5 to 6 MeV alpha-particles. Per 
Ci of activity, carcinogenic effects in situ should be roughly the same 


for alpha -emitting isotopes of all the actinides. The greater attention 



TABLE 3.7 


PROPERT.ES OF SOME SIGNIFICANT RADIONUCLIDES IN' HIGH-LEVEL WASTES PROM REPROCESSED LWR-U FUEL* 


ISOTOPE 

HALF- LIFE 

MFC (AIR)** 
[Ci/m 3 l 

MFC (WATER) 

** UNIT 


UNIT 



[vrs] 


INHALATION 

HAZARD* 

INGESTION HAZARD 





10 yrs 

300 yrs 

10 yrs 

300 yrs 

244 C* 

17.6 

3x10“ 13 

7x10" 6 

4.3xl0 15 

8.2xl0 10 

1.8xi0® 

3. SxlO 3 

243 Ara 

7,950 

2.\10“ 13 

4xl0‘ 6 

9. lxlO 13 

8.8xl0 13 

4. SxlO 6 

4.4X10 6 

24I a™ 

458 

2xl0“ 13 

4xl0’ 6 

a.ixio 14 

5.5xl0 14 

4 . lxlO 7 

2. 7xl0 7 

240 Pu 

6,580 

6xl0“ 14 

SxlO’ 6 

7.6;:10 13 

1.4xl0 14 

9.1X10 5 

1.7xl0 6 

239 Pu 

2.4 xlO 4 

6x10“ 14 

SxlO" 6 

2. 7x10 13 

2.9xl0 13 

3. 2xl0 5 

3.5x10 s 

2M Pu 

86.4 

7x10" 14 

SxlO’ 6 

IS 

\ . 2x10 

1, SxlO 14 

1.8xl0 7 

2. SxlO 6 

TOTAL ACTINIDES PLUS DAUGHTERS 


6.9xl0 15 

l.OxlO 15 

2.8x10* 

3.7xlQ 7 

154 Eu 

16 

lxlO" 10 

2xlO" S 

4.5xI0 13 

i.GxlO 8 

2.2xl0 8 

7.8X10 2 

151 Sm 

9C 

2xl0“ 9 

4xl0" 4 

5 . 4x10* 1 ' 

5 . 7xl0 10 

2.7xl0 6 

2.9x10 s 

137 Cs 

30 

5xl0* 10 

2xl0" 5 

I .7xl0 14 

2.ixlO U 

4.3xI0 9 

S.2xl0 6 

129 j 

1 . 7xl0~ 

2xl0’ n 

6xl0" 8 

1.9x10° 

1.9X10 9 

6.2xlO S 

6.2xl0 5 

99_ 

Tc 

2.1X10 5 

2xI0’ 9 

2xl0“ 4 

7,2xl0 9 

7.2xl0 9 

7.2xlO S 

7.2xlO S 

90 Sr 

28 

3x10" 11 

3xl0" 7 

2.0xl0 15 

1.6X10 12 

2. OxlO 11 

1.6X10® 


12.3 

2xl0" 7 

3xl0" 3 

2 .OxlO 9 

1.6X10 2 

1.3xlO S 

l.OxlO" 2 

TOTAL FISSION PRODUCTS 



2. SxlO 15 

1 . 9x10* 2 

2,2xlO U 

1.7x10® 

* Source s 

ORIGEN (Ref. 

37) run for model fuel at 

30HW(th)/Mg, 33,000 MWd ( th) /Mg burnup . 



**Code of Federal Regulations Title 10; 10CFR20. 

^Volume of air in m 3 to dilute quantity present in wastes from 1 Mg of reprocessed fuel to specified 
MPC(air). 

+ Volume of water In m 3 to dilute quantity present in wastes from 1 Mg of reprocessed fuel to specified 
UPC (water) . . . « < » 3 

EARTHj Total water « 1.4x10 m j Air to 5 5 km altitude has volume of about 3x10 m . 
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given to Pu in most literature is due to the greater quantities of Pu 
in current inventories, the additional amount of handling and shipping 
it will receive, and common recognition of its existence and properties. 

Figures 3.7 and 3 .£ are more detailed plots of the transuranics in 
HLK from annual operation of an LWR fueled with isotopically enriched 
uranium, for times up to 10 6 years after discharge from the reactor. It 
can be seen that the Am and Pu dominate the activity for long times. Pu 
decays by alpha-emission to U, and the two most significant long-lived 
isotopes, 259 Pu and 2 ^Pu decay to 2 ^ J U and respectively. The 

latter are also alpha-emitters, hut with very long lifetimes; the activity 
of the Pu decay daughters i? therefore not sufficient to appear on these 
figures . 


Figure 3.9 shows the relationship between 


the various actinides. 


24 jl 

leading isotope of Aia at first is 1 Ara, with a half-life of 45S years 

237 

for alpha-decay to Np. The latter is also an alpha -emit ter, with a 

half life of 2.1 x 10 6 years for alpha-decay. A storage time of roughly 
4 241 

xCT years is needed for the Am to decay away; in this case, the 
combination of original Am activity and daughter decay time is such that 

the build-up of ^"Np does contribute a measurable activity to the wastes. 

237 

For times approaching 10 years or greater, the Np will dominate the 

23 7 

alpha-activity. However, the Np inventory at discharge from the 

reactor is already quite large, so the incremental contribution from 

241 

subsequent 4 Ajn decay is small. 

241 

The primary contributor at times after the Am has decayed away 

is c aib, with an 7,950 year half-life for alpha-decay to its short-lived 

239 239 

daughter Np, which quickly emits a beta and goes over to 'Pu. 




1 10 10 2 10 3 
DECAY TIME, years 


Source: Pigford, Ref. 39 
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The net result of this decay is the production of additional quantities of 

24 ,400-year half-life 239 Pu. Unlike the case of the 24 decay to 237 Np, 

239 

the net effect here is quite visible as an increase in the Pu activity at 

times of roughly 10 4 years after discharge. As the half-lives of mother and 
grandaughter are similar, there is only a moderate reduction in net alpha- 

activity. Storage times greater than 10 5 years are necessary for 

239 

the roughly equal amounts of Pu remaining in the wastes after re- 
processing and generated in storage by Am decay to be reduced to near- 
harmlcss levels. 

The isotopes of Cm are shorter- lived, and decay away in times comparable 

244 

to fission-product decays. However, the Cm plays a double role 3n the 
waste management problem. At the time of shipment of the ' ! LV7 solids, roughly 

7 

10 years from discharge, the alpha-activity is dominated by the " Cn. The 

potential for (alpha-neutron) reactions with Fluorine or Oxygen in the HLW 

solids requires considerable shielding against the high-energy neutrons 
244 

produced, and the Cm is the primary source. Furthermore the buildup 

240 244 

of 6580-year half-life Pu is due to the alpha-dcccy of Cm. Thus, 

although long-term waste management concerns focus on the Am and Pu in 

the HLW, it should be recognized that the role of Cm as the mother of the 

bulk of the Pu in reprocessing wastes at times gi-eater than 100 years is 

far from negligible. 

In fact, decay-product Pu so dominates the long-term activity 
of the HLW that increasing the efficiency of Pu extraction from the 
spent fuel would have little impact. Complete removal of the 


■ L3 





Figure 3.9 

ACTINIDE CHAINS IN URANIUM-PLUTONIUM f UEL 


3.40 



p o 240 



: 6580y 
TO U 235 


n.7 


Pu 239 



24.400y 
TO U 23i 


;n,7 


Pu 238 



TO U 234 


ORIGINAL' PAGE IS 
OF POOR quality: 


Source: 


Pigford, Ref. 18 


U/oOD 



3.41 


Pu from the HLft at the time of reprocessing would only reduce the Pu 
alpha-activity at times longer than a thousand years by about one-fifth. 
Long-term waste management problems are insensitive to the efficiency 
of Pu removal as long ajs the fraction going out in the HLiV is less than, 
say, 2%. 

Although the mass, activity, and thermal power of the fission products 
clearly dominates the HLW at the time of production, much of the concern 
about proper waste management has centered on the alpha -emitting actinides. 
There appear to be two reasons for this. First, there is less concern 
over the integrity of waste disposal sites for the thousand year storage 
times needed for most of the fission product activity to die out. Secondly, 


v’h’Vi small quantities arc ingested or inh&ftd, the alpha-activity of the 
actinides presents somewhat of a greater hat arc to human health, rn a 

per Curie basis, than does the beta or gatma activity of the fission 

40 

products. The precise value for this increase in relative hazard 
depends on the model taken and the assumptions made, but estimates that 
arc many orders of magnitude higher than those used to derive the MPC 
values listed in Table 3.7 have been made. 41 It is certainly not within 
our competence or the scope of this report to deal with such matters as the 
residence time of various isotopes in the human body, which affects the 
hazard presented by a given rate of radioactive decay, or to attempt to 
referee the controversy over the toxicity of Pu. V<e do mention that the 
hazards we discuss here are not those due to direct radiation from large 
masses of wastes, but of ingestion or inhalation of released radionuclides. 
In this context, the concern over the actinides is most certainly warranted. 


OfilGfiteU.PAGE IS 
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Most of the controversy presently raging about the toxicity of inhaled 
Pu arises from the question of localized irradiation owing to the very 
short range of alpha -particles in tissue. The effects of radiation on an 
organ are usually estimated by taking the tune integrated flux incident 
upon the organ and dividing by its mass. For beta and gamma radiation, 
and even more so for energetic neutrons, this assumed distribution of oose 
over tissue is an accepted procedure, and radiation standard.*; are frequently 
quoted' in terms of whole-body dosage. In models that lead to the very 
high estimates for Pu toxicity, it is assumed that small particles of Pu, 
when inhaled, deposit selectively on certain vulnerable places in the 
lung where they remain for long times. As the range of the alpha-particles 
is very small, the assumed result is a very high local irradiation of the 
neighboring tissue. The integrated dose over the tissu* volume defined 
by the alpha range is said to be very much greater than one would expect 
by dividing the total activity by the entire mass of ‘.ung tissue. Thus 
the concern over the carcinogenic properties of the alpha-emitting 
actinides. 

Of course, it is also true that some of the fission products, such as 
90 

Sr (which deposits in the bone) and the various radioisotopes of iodine 

(which deposit in the thyroid) are not only fairly mobile in the enviroament , 

but selectively deposit in some of the most vulnerable organs of the body. 

It has been argued that there is little chance that Pu would become available 

in a form suitable for inhalation even if a waste disposal site should fail, 

43 

and that exc ive attention is being focused on the actinides. * It has 
also been pointed out that the distinction between the thousand-year storage 
times needed for the fission products and the far longer storage needed for 
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the actinides , a distinction which is a natural one in physical terras, 
is hardly a meaningful one on the time scale of social or political pre- 
dictability. 


Nevertheless, this* natural separation of the HLW components according 

to half-lives has stimulated the idea of separating the long-lived actinides 
out of the waste stream and dealing with then separately. Hie HLW would 

then be separated into two streams. One, consisting primarily of the 
fission products, would be hazardous "only” for times less than one or 
two thousand years. This component could then be stored or disposed of 
in terrestrial geological sites in which we have a high degree of con- 
fidence ever the tines involved. The relatively small recncnt with long 


half-lived actinides and save fission rrc 


re; 


.*c-uld then be 


Le for 


disposal 


.ocs 


nai 


nutation c-r 


ejection into outer space. 


Partitioning 

Processes which would separate the actinides from the fission products 

in the HLW stream go under the general name of partitioning. Various 

chemical separation methods by which this miglt be accomplished have been 

44 

suggested, although none of them has been proven as yet. It is not clear 
just where in the reprocessing cycle partitioning might occur. For our 
purposes, it makes little difference whether this takes place as an integral 
final step in the reprocessing operation or is performed afterwards on the 
liquid wastes prior to the solidification. It does appear that once the 
waste is solidified, there ill be no further possibility of partitioning 
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it, owing to the insolubility of presently suggested HLW solids. 

The partitioning decision must, therefore, be made fairly early ir. 
the history of the reprocessing plants. Alternatively, the prospects 


for later partitioning .might prove so attractive as to convince the NRC 
♦o relax the present 5-vear rule for HLW liquid conversion to solids so 
as to let a partitioning operation start up. Another possibility is that 
the first reprocessing plants (AGN'S rnd Exxon) Kill not have partitioning 
facilities, bu" later plants will. All of these possibilities will, of 
course, have an effect on the viability and sice of the space disposal 
option. For the purposes of this study we restrict ourselves to two 
cases: either there is no partitioning at all, or all reprocessing 


facilities are equipped fen- partitioning. As can be seen from Fig. 3.3, 
a decision made no later than about 1990 to retrofit AUN’S and Exxon 

with partitioning facilities would make little difference in the total 
mass to be disposed of. For only the very small quantities of solid 
wastes projected for the years 1990-1995 would not be partitioned. 


As with other chemical processing procedures, the separation of 

fission products from the actinides will not be perfect, and some residue 
45 

will remain. As partitioning is, at the moment, a hypothetical and 
complex procedure to be undertaken by as yet unidentified processes, we 
will make no attempt to identify the probable extraction factor for fission 
products. Given their large thermal power and activity, a 
very high extraction factor would be necessary to achieve 
large reductions in package specifications. Previous NASA studies 46 took 
99% and 99.9% extraction factors in calculating required package configur- 
ations. It would seem to us that even 90% fission product separation 
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would markedly decrease the waste thermal power and mass, resulting in a 
reduction of perhaps a factor of five or ten in the amount of HLW 
containing the long-lived components. However, as we ire in no position 
to attempt to recalculate waste packaging for space operations for this 
set of conditions, we shall deal with them only in terms of rough estimates. 

99 

We shall also assume that Tc is separated as well, and packaged with 
the other very long-lived wastes. 


Pu Recycle 

To this point, wc have dealt solely with an LWR-U fuel cycle, assuming 
that the Pu produced in the reprocessing operations is stored away for 
further use. from our conversations with various officials of LRDA, 

NRC, and industry, it seems very unlikely that this Pu will ever be treated 

as waste to be disposed of, although the masses involved are not beyond 

the range of space operations to deal with. 

Should the decision be made to recycle this Pu back into the nuclear 

fuel cycle, the characteristics (although not the mass) of the HLW would 

be markedly affected. The decision as to whether or not the recycle of 

Pu will be allov;ed is expected sometimes in 1977. The major issue is 

determining the tradeoff between the increased hazards of a fuel cycle 

which circulates Pu and the prospects of lower U ore requirements by 

roughly an additional 10% (compared to recycling only U) and reducing 

47 

enrichment service demands by about the same amount.. 

In an all-LWR nuclear energy system such as we have restricted this 
study to, *hcre will never be enough Pu produced to entirely substitute 


T 


t 


' T 
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for enrichment services (that is, by mixing it with only natural uranium). 
There are several alternative paths by which the Pu0 2 could he mixed with 
UC >2 to augment istoptically enriched fuel. It could be blended in with 
somewhat less enriched U0 2 , either in the entire fuel cycle or in specific 
reactors. It could be mixed with U0 2 in which the U is either natural, 
or depicted u^ora enrichment plant tails), or the slightly enriched U from 
the reprocessing plant. These mixed-oxide (MOX) fuel rods could be 
assigned to specific portions of the reactor core, with conventional 
cnriched-U rods making up the bulk. Specific reactors could be identified 
for the use of MOX rods, while others use only UO^. 

Since we have found it convenient in dealing with other parts of our 
analysis to make cut estimates similar to those of the GESMO, v;c shall 

also assume that the equilibrium MOX fuel cycle will be the one d-so ilv-d 

13 47 

in both the draft and final versions of that document. The analysis 
is based on designating a specific number of reactors for MOX fuel use. 

This number is in turn based on calculating available MOX loadings. It is 
assumed that the typical reactor using MOX fuel will contain a load of up 
to 40% MOX fuel pins, with the remainder being ordinary isotopically 
enriched U0 2 pins. The amount of Pu involved in recycle is then calculated. 
Not all reactors will use MOX fuel. A more precise calculation involving 
the rate of production of Pu and the rate of expansion of the LV.T. industry 

shows that MOX pins will amount to about 11% of the . olal fuel fabricated 

47 

ato the year 2000. As we have used amore slowly expanding LWR economy 
than that assumed in the GESMO, this number is an underestimate for our 

42 

model. Nevertheless, as the upper limit on this number is certainly less 

than 15%, and as rate of expansion of reprocessing capability limits 
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Pu availability, only a small error will be incurred if we also assume the 
GECMO estimate of 1'% for this report. Again, this will allow the use of 

analyses performed by other groups to fix numbers for our study. 

The recycle of Puvill markedly alter the character of the HLIV produced 

as a result of reprocessing MOX fuels. The cyclic re-bum of Pu will 

alter the isotopic, balance towards shorter lived and more active isotopes 
and greatly increase the quantities of transuranics present, as compared 
with Lh’R wastes from U0 9 fuels. Figure 3.10 shows the heat release as a 
function of time after 150-day reprocessing for wastes from UO^ fuel, 
equilibrium MOX fuel, and an average mix of 8?% isotopicnlly enriched UO^ 
and 11" MOX. Table 3.S lists the quantities ar.d activities of the major 
transuranics present in the spent fu. 1 Inst prior to reprocessing, and 
'j , '■} o 11.9 shows the major contributors to the heat generation in 10-year 
wastes for these same three fuel mixes. 

The assumption made in GF.SMO and related documents is that the con- 
siderably higher heat output and activity of the wastes from MOX reprocessing 
will not present severe problems if these are mixed back with the wastes from 
reprocessing ordinary UO^ fuel, which comprises 89" of chc total. ", 'ere are 
reasons to doubt the validity of this assumption, which depends to some 
extent on the way in which the reprocessing plants arc managed. 50 Neverthe- 
less, as wc arc in no position to recalculate the relevant parameters, vc 
will stipulate that an "average waste mix” will occur in practice and not. 
just as a conceptial device. 

As can be seen from examining Tables 3.8 and 3.9, the inclusion of 11% 
of equilibrium recycled MOX fuel dramatically increases both the activity 
and the thermal power of the transuranics in the HLW stream. Although this 
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Figure 3.10 

APPROXIMATE HEAT RELEASE OF LKR 
WASTES AS FUNCTION 1 OF AGE 

•Source: Draft GESMO, Ref. 13 




TABLE 3 8 

(Source : Draft GESMO, Ref. 13) 

ESTIMA TED MAJOR TRANS ’JP AN RIM COMPOSITION OF SPENT 

pg EL _ without and 1; frn "u.utonT um lufSVc/J. 

(BASIS: PER METRIC TON, 33000 M'.Vd/Mg, AGED ISO DAYS)* 


Enriched UO^Fuel Mir ed Oxid e Fuel Average Mix** 


Isotope 

grams 

curies 

watts 

grams 

curies 

watts 

grams 

curies 

watts 

237 m 

Np 

480 

0.34 

0.010 

120 

9.035 0.0025 

440 

0.31 

0.0091 

238 Pu 

160 

2,820 

91 

1,100 

18,900 

610 

260 

4 , 590 

150 

239 Pu 

5,300 

323 

10 

12,000 

. 735 

23 

6,000 

368 

11 

240 PU 

2,200 

477 

15 

8,800 

1,940 

60 

2,900 

638 

20 

241 Pu 

1,000 

103,000 

4.3 

6,000 

603,000 

25 

1,600 

160,000 

6.6 

242 PU 

350 

1.33 

0.041 

4,200 

15.2 

0.48 

770 

3.01 

0.0?9 

241 Aj» 

46 

159 

S.3 

460 

1,580 

• 53 

92 

315 

11 

243 Aih 

95 

18.2 

0.67 

2,700 

■ 51! 

19 

3S0 

72.7 

2.7 

242 Cm 

5. 

1 17,000 

620 

72 

2*0,000 

8,800 

12 

41,500 

1,500 

244 o 

30 

2,400 

84 

1,700 

136,000 

4,800 

210 

17,100 

600 

F.P.*** 

28,800 

4,200,000 19* 

000 

29,000 

4,500,000 

21,000 

28,800 

4,200,000 

19,000 


♦Reference: J.O. Blomeke, C.W. Kee, J.P. Nichols; "Projections of Radioactive Wastes to be Generated by the U.S. 

Nuclear Power Industry"; ORNL-TM-3965; February 1974; 'fables 4.3, 4.6, B-l and B-2. 

**On the basis that about lit; of fuel is mixed oxide fuel, remainder is enriched UO,, fuel, 

*** Fission products arc not transuranium elements, but are added for comparison. ‘ 
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TABLE 3.9 

(Source: Draft GESMO , Ref. 13) 

ESTIMATED HEAT OUTPUT IN HIGH-LEVEL WASTE 
(BASIS: 33,000 MW d/Mg, 0.5% LOSS OF IT) 


* 



TO WASTE AT 150 

DAYS, WASTE AGED 

10 YEARS) 



Watts per Mg of Fuel** 

Isotope 

Enriched UO ? 

Fuel 

Mixed Oxide 
Fuel 

Average*** 
Waste Mix 

2*7 

*~'Np 

0.010 

0.0026 

0.0092 

23S n 

Pu 

3.0 

40 

7.0 

23S„ 

Pu 

0.050 

0.12 

0.05$ 

24 Or. 
Pu 

0.14 

3.9 

0.55 

24 

Pu 

0.013 

0.078 

0.020 

2'? 

Pu 

0.00020 

0.0324 

0.00014 

241, 

An 

5.4 

53 

11 

i\£ t 

0.60 

19 

2.7 

242 Ca 

0.26 

6.5 

0.95 

244 Cn 

57 

3200 

400 

F.P.* 

1010 

855 

993 

Toxal 

1080 

4200 

1400 

WATTS PER CA\’ISTER + 




3400 

13000 

4400 


* Calculated from J.O. Blomeke, C.W. Kee, and J.P. Nichols; ’’Projections 
of Radioactive Wastes to be Generated by the U.S. Nuclear Industry, 
ORNL-TM-3965"; February 1974; Tables 5.8, 5.10, B-l, and B-2. 

** In addition to the radionuclides listed, about 5000 grams of uranium and 
20 to 200 grains of other actinides are in the waste. These contribute 
1 to 40 watts. 

*** On the basis that fuels processed are about 11% mixed oxide, remainder 
is enriched U0 2 fuel. 

+ Excluding 3 II, noble gases and 99.9% of halogens. These are removed from 
waste during reprocessing. 

3 3 

1 On the basis of 2 ft of waste ppr metric ton, 6.28 ft per canister. 
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only incrementally increases the problems of handling undifferentiated 
HUf, the waste heat is no longer so completely dominated by the fission 
products. The activity and thermal power of the fraction containing the 
actinides will increase, by about an order of magnitude. If partitioning 
is also to take place, this has quite serious implications fcr projections 
of space disposal operations. In particular, thermal power has beer, a 
limiting factor in package design, with a gTeat deal of the mass of 
hypothetical disposal packages devoted to high thermal conductivity 
material to convey internal heat to the package surface. 


As kbs the case for the U-fue led Li'R, the longest-lived component tf 
the HI.’,' is the Pu produced by Cm decay, h'e may compare the effects of 
the lairc-r €:• i, tcry ir. MOX spent Mr ’ with Ihtr of u fuel !•* noting 
tl.ct tr.e ruvent*' ry r- . 1 li i;: s.v-.vc rucl 3 record . ,:g to ■- rMO. a t-c ut ' 


factor of six greater then in spent U fuel. As the increase in the " C.a 

inventory alone is about ten times greater than the increase in cx-active 
Pu, the sensitivity of waste management reprocessing plant efficiency is 
lowered slightly. Of course, one must remember that according to the 
GESMO, only 11% t-f the reprocessed fuel will be MOX. Yet, the waste manage- 
ment problem will be dominated by this fraction. As an example cf cross- 


sensitivity, the total amount of Pu activity in MOX HUH at times greater 
than 1C* years will r.ot be much altered by increasing the amount of Pu 
going into the ill.!’.' (from, the MOX alone) from 0.5k to 3k. Yet, the- additional 

MOX Pu in the average HLW mix at times greater than 10^ years will equal 
the total contribution from the 89% of the wastes th3t come from the re- 
processing of isotopically enriched U fuel. 
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It nust be emphasized that the numbers quoted in GESMO and reproduced 
here arc for equilibrium Pu recycle. One reason for choosing 1990 as the 
test year for the GESMO was that this was the earliest year for which an 
equilibrium recycle could be established. In this study, we would have 
to defer the equilibrium year to 2000 in order to be consistent with 
out other assumptions. It does, however, ta!*;e many years to phase in the 
Pu recycle, and many more years before equilibrium concentration of 
actinide isotopes is achieved in the reprocessing plants. Over most of 
the period being considered in this study, the annual industry-wide 
"average mxx" of HLN would start at the values for U(> 2 fuel alone and 
rise r o MOX fractions above the 11» "average" for the GESMO equilibrium 


ovcle 
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lis introduces yet u-votuer van able into any attempt to perrotr. 
a tbue- sequence analysis c-f ..:>>* waste disposal opc-r.'-.t ion, but Is particular 

serious for methods such as space disposal where partitioning is also 
assisted to occur. 

Table 3.10 lists the radioactivity and thermal power of ]0-ycar aged 
partitioned HLW with and without Pu recycle for several degrees of 

partitioning efficiency. It should be noted that the total activity that 
arises from these wastes is not solely dec to direct effects from ti'.e 
listed isotopes. The solidified HLW will contain other elements which 

cay interact with primary decay activity to produce other sect-* lary 


radiation. 

For instance, one of the most severe problems for the shipping 

244 

of alpha -emitters such as Cm is the production of high energy neutrons 
by (alpha, n) reactions. These reactions occur when the alpha particles 
from transuranic decay interact with the nuclei of light elements such as 



TABLE 3.10 


ESTIMATED ACTIVITY AND THERMAL POWER OF 10- YEAR AGED HIGH-LEVEL WASTES FROM REPROCESSING 
(Basis: 33,000 MWd(th)/Mg, 0.5% loss of Pu,U to wastes, reprocessed at 150 days) 




WATTS /Mg Of SPENT 

FUEL* 


CURIES/Mg of SPENT 

D 

FUEL 

Partitioning 

Enriched 

Mixed Average 

Enriched 

Mixed 

Average 

Efficacy* 

UO„ 

Oxide 

Mix** 

uo 2 

Oxide 

Mix** 

0 

1080 

4200 

1400 

3.2 x 10 5 

3.6 x 10 5 

3.3 x 10 5 

90% 

170 

3435 

520 

3.4 x 10 4 

1.3 x 10 5 

.6.6 x 10 4 

95% 

120 

3390 

470 

1.8 x 10 4 

1.1 x 10 5 

4.9 x 10 4 

99% 

SO 

3360 

430 

5.6 x 10' 

1.0 x 10 5 

3.7 x 10 4 

99.9% 

70 

3350 

420 

2.7 x 10 3 

9.9 x 10 4 

3.5 x 10 4 

99.999% 

70 

3350 

420 

2.4 x 10 5 

9.9 x 10 4 

3.5 x 10 4 


Excluding trititum, halogens, and noble gases. These are assumed to be removed during reprocessing. 

* 

Degree of fission product removal in chemical partitioning. 

•ft h 

Using GESMO (Ref. 13) assumption of 11% M0X, 89% enrich*.. J Uranium at equilibrium. 
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oxygen or fluorine and release neutrons: for example, the interaction of 

an alpha with to create plus a neutron. This can markedly increase 
the neutron emission rate. “ Fu, for instance, has a spontaneous 

mission rate of about *2 x 10 ^ n/sec per gram, whereas ^^PuF, has a 

4 

3 239 1 

rate of 4.3 x 10 n/sec per gram, and PuO^ a rat 2 of 4.5 x 10 n/sec 

per gram. Neutrons from (alpha ,n) reactions in C:a in the spent fuel are 

the primary source for which the casks are neutron shielded. 


Conclusion 


to set up 

the package and 

prog rsr-. 

But they cc|l no 


The numbers derived in this chapter are the basic technical data needed 
the package and nissicn design for a hypothetical space disposal 
o Trans? ■ into actual ni.-sion nunheis 
without further analysis. I:. Ckrfpttn f> we shall "t.tjrn to theso data : " *J 

combine them with NASA-supplied information on space shuttle technology 

to generate a set of estimates of mission frequency and package character- 
istics. 
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Notes to Chapter 3 

1. As of early 1976, costs as high as $1,135 per kw were being quoted. 

See for example, "Is Nuclear Too Costly?" by R. Stuart, Now York limes , 
October 5, 1975. 

2. I. C. Bupp, J. C. Derian, M. P. Donsimoni, and R. Tveitel , "Trends in 
Light-Water Reactor Capital Costs in the United States; Causes and Con- 
sequences," Center for Policy Alternatives, MIT, Cambridge, Mass., 1974. 

3. P. L. Joskow and '!. L. Baughman, "The future of the U.S. Nuclear Energy 
Industry," MIT Energy Laboratory Report * MIT-FL-75-0U6, MIT, Cambridge, 
Mass., 2975 (unpublished) . Case C corresponds closely to Case 6, 
continued hi gh costs for capital, cf ti.j.s ? eper , 

* us L 1 ; • •• ^ I \ -* a . # - * ... . i » *» . i _-i * — X , -- - / *. J , *_ s it 

Energy Commission, Washington, D.C., February 1974. 

5. Creating Energy Choices for the Future , report # ERDA-4S, U.S. Energy 
Research and Development Administration, Washington, D.C., June 1975. 

6. A useful summary of contending views is contained in Oversight Heari ngs 
on Nuclear Energy-Nu cl ear Breeder Devel op ment Program , Hearings before 
the Subcommit ce on Energy and the Environment, House Committee on 
Interior and Insular Affairs, Serial 94-16 Part II, U.S. Government 
Printing Office, Wash. in gt on, D.C., 1975. 

Given the recently announced timetables for the Clinch River Fast 

Breeder Test Reactor, and considering the long lead times likely for 
commercial development if present trends continue, we believe that it 
is unlikely that there will be any significant installed LMFBR capacity 
by the year 2000. The first commercial LMFBR would come on line no 
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7. 

£. 


earlier than 19S5. Given the ten to twelve year period before 
wastes from even this first reactor would be available, the case 
for space disposal could confortably be reconsidered at the time 
when LMFBR comaercialization on an extensive scale looked probable. 
Nuclear News, 18, £ 4 , November 1975, at p. 112. 


Although Giil f -General Atomic has suggested that ERDA pick up the 
HTGR as ar experimental p7.-ogram, such action would be unlikely to 
revive commercial interest in the IiTGR in the next few years. 

Little, if any, addition.! HTGR capacity can be expected by the year 


2000 . 


Drnf; F-nvircnm-e! 


Light - t'ator Breeder Reactor Pre.r*a:.i, 


U.O. 


t 1W ’» 


10 . 

11 . 

12 . 


13. 


i-1 . 


D .C. , 


n. 


T. H. Pigford and K. P. Ang, Health physics 29, 451 (1975) 


Ibid. 

The net nuclear capacity for this scenario is incorrectly stated in 
Table B-2 of Ref. 5. The correct figure, as quoted in this report, is 
derivable from Fig. B-4 of the appendix. 

Dr aft Generic Environment al State ment on the u se of Mix~d-Oyi dc Fuels 
(GESMO) , report “ WASH-1327’, U.S. Atomic Energy Commission, August 1974 
There is some doubt expressed as to whether F.WR penetration will remain 
large enough* to assure the 2/3 to 1/3 ratio, as current trends are 

favoring F.VRs. Our model implies a market share for BWRs of about 
4 to 5 BWRs per year of the current 1.1 to 1.3 CW(c) size (that is, 
about 1/3 of 17 GK(c) per year). This is about the minimum number of 
annual reactor sales necessary to maintain a vendor in the business 
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for any length of time. We argue that the alternative to this level of 
BKR sales would be the complete disappearance of General Electric, the 
only purveyor of BWRs at the moment, from the domestic reactor market. 
This seems highly unlikely. We anticipate that only two PWR vendors 
will survive. In any case, these assumptions do not seriously affect 
our analysis when compared with other assumptions we have been forced 
to make. 


1$. Adapted from an unpublished ERDA report meant to update the results 


16. 


37. 


cf .VSH 1139 (74) (Ref. 4). 

See, for example, the discussion 
at p. 14. 

D. !/. Cotr.oy, "Will idle Capacity 


in Critical Mass 1, #12, March 1976, 


Kill hucienr Pow'-r?", Eullcrin of the 


18 . 


19. 


20 . 


Atomic Scientists 50, #9, (Ke.- ember If.; 4) . 

T. H. Pigford, "Environmental Aspects of Nuclear Power Generation," 
Annual Review of Nuclear Science , Vol. 24, 1974. 

LWR Spent Fuel Disposition Capabilities 1975-1984 , report # ERDA-25, 

U. S. Energy Research and Development Administration, March 1975. 

There is some confusion in the literature on this point. Ref. 18 states, 
for instance, that all values quoted for the LWR represent 100* capacity 
factor, and should be multiplied by the appropriate factor for lower 
C.F. operation. This is done in Ref. 10 to the extent cf multiplying 
not only effluent and waste figures, but also core size and annual 
reload so as to maintain annual replacement of 1/3 of the core, but 
retain full burn at lower C.F. This does not seem to agree with 
present industry practice. We hold to the assumption that reactors 
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will continue to have cores sized for possible operation at C.F. as 
high as 90 to 100%. This would seem to us to be a necessary precondi- 
tion for achieving an industry-wide value of 70%. 

21, There is an excellent discussion of this in Ref. 6. See also, "Reneging 
on Uranium at Westinghouse," by Reginald Stuart, New York Times , Feb. 1, 
1S76. 


22. The figure of 33 Mg/GW(e) -yr . is, of course, not sensitive to such 
questions as designed core size or questions of core turnover, nor 
does it depend on installed capacity for this case. It is also 
possible that higher fuel burns will be designed for and achieved 

by the year 2920 . In the absence of firm indications to this effect, 
we e sit this possibility idea consideration in this report. 

23. Th'-s : 1 per it'- fits EKC.-*. data end project! c u.; quite well. It is 
partly an artifact of the way the capacity for each process is counted 
and listed as of the end of the calendar year. 

24. According to a statement of Mr. F. P. Bai'anowski before the Joint 
Committee on Atomic Energy in November, 1975, there are about 500,000 
gallons of liquid high-level waste stored at the Nuclear Fuel Services 
site in West Valley, New York. Those are residues of the 030 Mg of 
fuel reprocessed from 1966 to 1972. There is no solidification 
facility extant or planned at the NFS site, and the wastes cannot be 

shipped as liquids under present NkC regulations. 

235 239 

25. At lower fuel burns, less "u is consumed, and less Pu is produced. 


239 


Pu 


but the effects are not linear owing to the increased fission of 
235 

as the U is consumed. The optimal ratio of fissile Pu production to 
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fissile U consumption depends upon the design of the reactor, but 
will occur at burns considerably lower than those considered 
here. The question of the quite low burns used for production of 
weapons-grade PU has to do with the isotopic composition, and is of 
no direct relevance to this study. 

26. Draft GESMO, Ref. 13. 


27. Ibid. 

28. The concentration factor for spent fuel alone is roughly a factor of 
twenty, but there is also a considerable mass of reprocessing chemicals 
and other elements in the waste which reduces the overall mass decrease. 

29. That is, a sufficiently Large volume of liquids could support a 
soli -sustaining chain re'ction. hhije fas from being a Loab, 
which has a very rapid energy release compered to west critical i fy 


incidents, the occurrence of such an accident would be quite 

hazardous, and could lead not only to the extensive destruction 
of associated equipment, but also to very large releases of 
radioactivity. 

30. Some sources have stated that this plant is to process 2100 JJg/yr. 
V.'c hold to the estimate of 1500, partly out of conviction, partly 


for convenience. 

31. Wo dc not believe that cither NFS or MFRP will contribute to U.S. 
reprocessing capacity in this time frame. MFRP appears to have been 

abandoned, and NFS is vacating its license. 

32. These might very well be stored and shipped as liquids, which requires 
active cryogenic refrigeration. 

Figure 3.4 shows that both AGNS and the Exxon plant would be needed to 


33. 
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close the fuel cycle even for the very low size projected in Case F. 
It is more likely that, should a decision be made to hold nuclear 
power down to this level, only AGNS would be operated, probably 

by the federal government. It would be used to separate out HLW for 
easier disposal. 


34. Code of Feder al R egula tions, Title 1 0: Ener gy, U.S. Government 
Printing Office, Washington, D.C., January 1972, 10 CFR 50, Appendix F. 

35. H igh-Level R adioactive Wa ste Ma nagement A1 ternative s , report “ BNWL-1900, 


Battellc Pacific Northwest Laboratories, Richland, Washington, May 1974, 


For a typical LWR fueled with isotopically enrichec. only, there are 
about 3S0 liters of liquid HLW per Mg of fuel burned to the full lcvf-I 
of 33,000 :-:-;d(th)/-h.. 'lhc constituents of this liquid are estimated to 


fuel) ; 



Misc. chemicals 

2.4 


no 3 

65 


Fe 

1.1 

Total reprocessing chemicals 


68.5 

Uranium, at 99. 5i recovery 


4 .5 

Other actinides 


0.7 

Total fission products 


28.8 

TOTAL 


302.8 


37. M. J. Bell, "ORIGRid - The Oak Ridge Isotope Genei'ation and Depiction 
Code,” report # ORNL-4628, Oak Ridge National Laboratory, Oak Ridge, 


Tennessee, May 1973. 
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38. This data was compiled from a variety of official publications and 

reports too extensive to list here. Useful summary discussions may be 
found in Environmental Radio a ct ivity, by M. Eisenbud, (Academic Press, 
New York, 1973) . 

33. T. H. Pigford, "Radioactivity in Plutonium, Americium and Curium in 

Nuclear Reactor Fuel," a study prepared for the Ford Foundation Energy 
Policy Project, Dept, of Nuclear Engineering, University of California, 
Berkeley, Calif., June, 1974. 

40. For instance, the International Commissi on on Radiological Prole; t ion 
recommend at ions for continuous occupational exposure to uni dentif i eu 


radionuclides in air lists : t cl '■-ranee of 20 

. 2T\ 


_ , 3 


arc r .• ; Ipht-cr.itt 

, - ) Pi 

erov-s .r 3 0 ' Ci/;- 


it i ')*. L:o 


41. 


- 19 3 

and ultimately down to 4 x 10 Ci/rf if it is not definitely i rown 

.. . 231 „ 239 240 n , 24 9_. . 

that Pa, Th, Pu, Pu, and Cf are absent. 

The most vo al and visible proponent of this point of view has been Dr. 
J.W. Gofman. Sec, for example, "The Cancer Hazard from Inhaled 
Plutonium" CNR Report 1975-1-R, Committee for Nuclear Responsibility, 
Inc., P. 0. Box 332, Yachats, Oregon, 1973, and references therein. 

It is worth noting that each of the several mechanisms suggested in 
. this report to obtain the final no:. her;: would separately ir.cre* .e the 
hazard. 

42. Sec Ref. 38. 

43. See, for example, B. L. Cohen, "Hazards from Plutonium Dispersal," 

Nuclear Physics Laboratory, University of Pittsburgh, Pittsburgh, Penn., 
date unknown: submitted to Radiation Research. 
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44. A useful discussion of partitioning is contained in Ref. 35. 

45. That there nay also be some transuranics remaining with the partitioned 
fission products is 3 serious problem that has received little attention. 
Unless the degree of -separation is such that only a very tiny residue 
remains, partitioning will not sake space disposal more attractive. 

46. R. E, Hyland et si . , "Feasibility of Space Disposal of Radioactive 


liiclear h'3*-te, , ‘ NASA Lewis Research Center, National Aeronautics and 
Space Administration, Cleveland, (Site, 197*1. 

47. Final Generic Environmental Statement Or the Use- of Recycle Plutonium 
in Mixed Oxide Fuel in Light Water Cooked P.o actors (GHS-'O) , report 

NuRLG-0002, U.S. Nuclear Regulatory Commission, August 1976. 

46. Furthermore the GE5M5 figure as quoted acre 

cycle in winch t'.ci e is adequate reprocessiiq 

production of spent fuel- -both U3 2 and i-sOX . 

49. That is, the slower expansion rate used in Case C means there will be 
fewer new reactors to fuel each year than in GESMO. As Pu is derived 
from past reactor operation, this slower growth rate increases the 
percentage of Pu available for fuel fabrication compared to annual total 


demands . 


50. In conversations with representatives of AGN’3, agency officials, ar.d 
other knowledgeable persons, it was stated that AGNS does have the 


inherent capacity to reprocess MOX as well as isotopically enriched 

fuel. However, some reluctance to actually reprocess MOX was indicated. 
It is possible that only one of the proposed reprocessing facilities 
would be assigned to handle MOX, which presents additional radiological 


Of - 
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and safeguarding problems to the reprocessor. Under these conditions, 
the "average mix" of nuclear wastes is of relevance only when calculating 
aggregate properties of the waste. However, ERDA or NRC could require 
that MQX wastes be mixed uniformly with UO^ wastes before solidification 
if each reprocessing plant is assigned a distributed share of MUX to 
reprocess. 

51. Even after the ratio of Pu to U in the fuel cycle reaches equilibrium, 
the isotopic composition of the Pu and other transuranics does not 

come to equilibriiES values until the Pu has been recycled several 


times. 



CHAPTER 4 


PRECONDITIONS FOR THE EXISTENCE OF HIGH-LEVEL WASTES IN A FORM SUITABLE 
FOR SPACE DISPOSAL TO BE A USABLE OPTION 


Ferhaps the Hast puzzling aspect of discussion concerning space di sposal 
operations, both in popular writing on waste manege Kent ana in general over- 
views by industry and government representatives, is the frequent failure 
to distinguish it sharply enough from terrestrial methods of waste management . 
As is shown in Fig. 4.1, detailed analyses by ERDA and its contractors clearly 
separates transmutation and space disposal from other methods.* But their 
distinction is not made primarily on the basis of end result, that is, the 
degree to which the wastes are removed permanently from any possibility of 
re-entering the environment. It is made on the basis of the prior conditions 
that must be met before transmutation and space disposal can be implemented. 
Commercialization of these procedures would require the existence of an in- 
dustry or government capability for the removal of virtually the entire 
inventory of fission products fro® the high-level waste stream, leaving behind 
a product that is very rich in the long-lived actinides. Without such waste 
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partitioning, space disposal and transmutat ion are held to be to? expensive 
and difficult to implement in any foreseeable time frame. 

Terrestrial schemes, on the other hand, have in coisaon a great deal of 

flexibility in material handling capabilities, however outlandish and expensive 

they oay be. Most, if not all, of these methods would require only moderate 

incremental additional investments to adapt to a wide variety of masses, 

densities, and characteristics of HU.'. Even the unprocessed spent fuel might 

2 

be easily dealt with. This is not true for space disposal. Khat interests 

us here is the question of whether those isotopes whose toxicity and life- 
times are considered to present a serious enough hazard to warrant such 
high -technology handling arc likely tc He well enough separated from the 
far greater mass of spent fuel by ccnmercial processes so as to present 
a total .7,as$ tlr t is within the reach of projected NASA technology. 

Without going too deeply into the precise technical details, which will 
be discussed elsewhere in this report, we assert that the net mass of very 
1 wig -lived transuranics is small enough over the 1975-2000 time period 
considered that present and projected NASA launch vehicles are capable of 
removing the® permanently from the planet. There still remain two important 
conditions that must be satisfied before space disposal can be considered a 
viable option. There must be sufficient separation of the fission products 
and other materials from the transuranics so that the mass, thermal power, 
and activity of the resultant package remains within the scope of possible 
launch capacity: the various separation processes must be efficient enough 

to guarantee that all but a very small remnant of the transuranics actually 
end up in the final disposal package. If the first condition is not met. 


PAGE iS 



4.4 


the program is not possible; if the second condition is not set. the program 
is not sensible. 

A minimum requirement for simultaneous folfi llment of these two 
conditions is the existence of a fuel reprocessing industry capable of 
expanding rapidly enough to deal with all of the commercially produced 

spent fuel. It would make little sense to initiate space disposal operations 


to handle the output of a reprocessing capacity projected to be inadequate 
to reduce the nation-wide spent fuel inventories if these spent fuels are 
to be stored ir. retrievable or temporary storage facilities. High-level 
wastes are separated, not created during reprocessing. The hazardous 
isotopes are no less dangerous when diluted in the spent fuel. 

In accordance with the previously stated assumption of this study, 
cno with statements made ey t , . . kC , and nioustry personnel , we vi.ll 


L li** t 


treatc Pu separated frer. the spent fuel during reprocessing as candidate 

wastes for ultimate disposal. But presently considered HLW disposal methods 
are not being shaped entirely by concern over the Pu remnant in the HLW. 
Assuming sufficient reprocessing capacity to deal with all spent fuel, 
about 9S% of the Pu produced in commercial nuclear power reactors wall 
either be stored in (presumably federal) Pu repositories or recycled back 
into the power system as wOX-LWR or LMPBR fuel. Of the remaining 2 % or 
so, only one-fourth will be in the HLW. 

The question of what happens to the remaining 1 1/2 % of tl.o Pu is a 
critical one for establishing the "sensibility" of space disposal, even if 
concern about Pu is not the determining factor in selecting an ultimate 

3 

disposal system. By one widely accepted set of estimates, the distribution 


of Pu losses in the GESMO fuel cycle would be as follows: 0.5% would go to 
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HLW as is commonly stated, but another 0.5% would be lost to low and inter - 
nediate-level wastes at the reprocessing plant. Additional losses of 0.5% 
to transuranic-contarainatcd wastes will occur both at the nixed -oxide 
conversion plant and at the fuel fabrication facility. For all except the 
HUf, the Pu will be mixed in with large quantities of other material. 

These Pu-contarainated wastes would, therefore, not be candidates for other 
than terrestrial disposal. Ke anticipate that this loss problem would be 
entirely confined to Pu, and take for granted the statements that "all" of 

4 

the other transuranics would be extracted as HLK, with no loss to other wastes. 
It would be most convenient if we could establish a fixed bench-mark 


for the nuclear industry to specify the level of efficiency in keening track 


according to our criterion. 


Specif ic conditions, however, very according to t:ve cycle chosen and th 


relative weights essignqd to short-term versus long-term concerns. The 
as yet unresolved question of the relative hazard of inhaled alpha -emitters 
versus biologically mobile fission products also becomes a factor. Ke may 
at least begin to examine this problem by treating three separate possibilities 
for the nuclear fuel cycle: a "throw-away" cycle in which all spent fuel is 

treated as waste; a "stow-away" cycle in which Pu is kept available for 
possible reuse at a later time; and a complete recycle economy h la GCS’-KD 5 
The "thrcw-Eway" cycle presents two important cases. It is possible 
that spent fuel will never be reprocessed. In this case, it is unlikely that 
space disposal will prove to be possible at all unless the size cf the nuclear 
power industry is very small or NASA develops an extremely heavy-lift vehicle. 
There is also a small, but finite, possibility that reprocessing would be 
promoted primarily for the purpose of facilitating waste management. In 
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this case, all Pu would follow the HLW. There would still be recycle of 
U, lowering the demand for raining and enrichment services slightly, particu- 
larly if the nuclear industry continues the present relatively poor fuel 

235 

bums. At present low capacity factors, considerably rore U remains m 

7 

the spent fuel than in our analysis of Case C. As no attempt would be 

made to extract Pu, it would follow the HLW with roughly the same efficiency 
as the other transuranics, and there would be little Pu left outside 
the HU? stream. The Purex process for extracting U from spent fuel, as 
used by AG\S and other proposed reprocessing plants, is said to produce U 
of such high purity that there is no concern over fractional losses of 
transuranics to the recycled U. Although space disposal nay not be possible 
for this case, it would certainly be sensible from the point of view of 

I- 


removing air cj 


: ran surer ’os . 


The "stow-away" cycle predicates the existence of reprocessing capacity 

adequate for the separation of all of the Pu in the spent fuel. Again, there 

are two primary cases of interest for waste management. In the first, the 

Pu is separated and stored, but the HLW are not further processed before 

disposal. In terms of possibility of the HLW, this case is very much like 

the second case discussed for the "throw-away” cycle. Table 11-3 shows that 

almost all of the Pu activity at short times is from beta-emitting 
24 1 9 

‘Pu with a 13.2-year half life. This nay be treated as if it were a 
fission product for cur purposes. Therefore, the removal of Pu from HLW 
that already contains large quantities of fission products makes very little 
difference for waste management as far as total mass and activity are con- 


cerned. 
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However, if we stipulate an 0.5% loss of Pu to other than HIW at the 
reprocessing plant, an appreciable fraction of the original alpha activity 
will remain in lower level wastes. For the fraction lost to the low level 
wastes, the alpha activity over time will decrease simply according to the 
half-lives of the various isotopes of Pu. The alpha activity in the HU? 
is sore complicated to analyse. At shorter times- -less than a thousand 
years or so — the activity of An and Cm dominates. However, as these decay 
away the decay products are usually alpha emitters as well.*® At very long 


times, the HLW activity is, dominated by the Pu produced by decay of Cm and 
Am. Details vary according to the type of fuel, and will be discussed as 


they become relevant. For the 
result is that the alpha active 


all-U SWd cycle being examined here, the 
ty due to the 0.5% of the Pu that remains 


the low level wastes will he roughly 1% that of the total alpha activity 

of the HLW at 10 years after reprocessing, about 5% at 1000 years, and will 
continue to increase to about 25% of the activity in the HLK at 10.000 years 
ci more.** This poses a serious question as to the efficacy of space 


disposal for this case. The purpose of space disposal is to markedly 
reduce the inventory of alpha-emitting isotopes at very long times. But 
the Pu lost to other-than-HLW will be disposed of terrestrially. Unless 
such losses can be reduced, it is not clear that space disposal of the 
remainder is sensible. 

The second case for the "stow -away" cycle is the possible separation 

of the shorter-lived fission products from the longer lived transuranics 
99 

and Tc by partitioning. This much reduces the mass and activity of that 
portion of the II LK that contains the transuranics, and makes them more 
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amenable to space disposal. We shall discuss in Chapter S the 

various degrees of efficacy in removing fission products and the effect 

12 

this has on space disposal operations. For the present, let us merely 
suggest that about an order of magnitude reduction in necessary throw 
wight can be achieved. 

Obviously, this markedly increases the possibility of space disposal 
for the case under consideration. But the effect of Pu losses to other than 
HLW argues even more strongly against sensibility. To see this, let us 

examine the effects of partitioning over both the thousand year snd the 
greater then 10,000 year time scales. Over the first thousand years, the 


activity of the long-lived transuranics will be less than the beta-activity 
of Pu, and far less than the activity of the fission products. In terms 
of to' cl activity, nothing nuch is to be gained over the first thousand 

years or so by partitioning and disposing of the long-lived fraction. As 

with the previous case, the alpha-activity of the 0.5» Pu loss will be small 
compared to that in the HLW, rising to about 5% at 1000 years. But space 
disposal is not generally held to address waste management over this time 
scale, even if concern ovei transuranics dominates. Over the far longer 
time scale of Pu decay, an appreciable fraction of the total alpha activity 
will remain on earth in low level wastes. By our previous calculation, only 
4/5 of the long-lived alpha-omitting transuranics will be available to he 
disposed of by the combination of partitioning and space disposal. 

As this second case for the "stow-away" cycle is the first relatively 
possible one discussed, it is worth pausing to estimate the level of Pu 
management that would increase its sensibility. Properly, an absolute 
criterion for the total inventory of long-lived alpha emitters should be 



established, dependent on the type of wastes in which they are contained 
and the method of disposal of those wastes. If such a number (or set of 
numbers) could be devised, wore accurate estimates of the required accounting 
of Pu in lew level wastes could be constructed. Even to attempt such an 
estimate is beyond the scope of this study. 

Khat we cam suggest is a necessary (but not necessarily sufficient) 


criterion based solely on the percentage of the long-lived alpha emitters tha 
can be removed from the planet by the combination of partitioning and space 
disposal. It would be remarkable if the total alpha curies to be produced 
by the nuclear industry would be just exactly at the level where the removal 
of 80% of the activity would lower the risk to acceptable levels. Barring 
such an unlikely combination of circumstances , we propose that any high- 


teconoiogy operatic; 
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snacc e3 e -no 


li e .nossl at lens- 


•educe the long-lived aloha inventory by two ordc 


toe: 


For the case under consideration, we note that the effect of the decay 
of Cm and Am in the HLN at long times is to increase the inventory of Pu by 
roughly a factor of four over that portion attributable to the original 
fraction of Pu at reprocessing.*^ If 99% of the alpha activity at times 
longer than a few thousand years is to go off with the HLh’, this ." poses 
a condition that only about 1/2S of the amount of Pu in the HL1V at the time 
Of reprocessing be lost to other wastes, corresponding to about 0.02% of the 
total amount cf Pu in the spent fuel. 1 * 5 

Industry sources have suggested that the loss of Pu to other than 1 1 Lis’ 
is in fact avoidable. Automated machinery to detect segments of sheared 
fuel rod that are scaled off into their insoluable cladding would help, and 
docs not appear to present insurmountable technical difficulties. Careful 
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attention to the cleaning and design of all equipment that comes into contact 
with Pu might prevent other losses. It is not clear whether these fixes 
will be affordable or possible at the required level, but there is a clear 
need for some reduction in the incidental loss of Pu at the reprocessing 
plant in any case. Otherwise, it would hardly serai worthwhile to expend 
enormous sums of money and talent to devise any irreversible method for 
disposal of HLK. hhether the required reduction from 0.5% to 0.02 % that 
we have set up as a criterion can be accomplished is a more difficult 
question to answer. 

The third major scenario we shall consider is the GESMQ Pu recycle 
case. As in the GISMO, S9% of the fuel in this cycle is ordinary istopically 


enriched U, while 1?% is MOX made up of Pu and natural U cxides. The mass 

and total activity of th^ HLH are not much changed. As was shown in Table 3.5, 

the overall inventory of alpha-emitting transuranics, will be considerably 

increased owing tc ‘he very high transuranic content of equilibrium MOX spent fuel 

For times on the order of a hundred years or less, the alpha activity will 
244 

be dominated by Cm, which is increased by a factor of seven in the average 
waste nix over the inventory for an equivalent all-U fuel cycle. At longer 
'times, this drops to roughly a factor of four, primarily from decay product 
Pu. 


The initial inventories of Fu in the average mix ISLV.’ will not increase 
239 7A0 

greatly. Pu will be up by about 10% and Pu by about 1/3. More importantly, 

the act of recycling the Pu will entail greater losses to other than high level 
wastes. If we take present estimates as reliable, ther. in addition to the 0.5% 
loss at the reprocessing plant, another 0.5% will be lost at both the oxide- 
conversion facility and at the fuel fabrication plant. Thus 1.5% of the Pu in 
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spent fuel will be lost to low and intermediate level wastes as compared to 
the 0.5% that follows the HLW, The absolute activity of this ’•lost" Pu will 
be about four times what it would be for an all-U fuel cycle. 

Paradoxically, although the absolute loss of Pu will increase, the relative 
efficacy of space disposal for removal of long-lived alpha activity will remain 
almost unchanged from the previ ously considered "stow-away" cylce. This 
is because the much larger Am and Cm inventories in the MOX spent fuel 
Esrkedly increased the quantities of decay -product Pu produced in the 
average waste mix. At very long times, only abou* one-fifteenth of the 
i5y Pu and 4 u Pu in the HLW will be undecayed remnants of the original Pu 

It 

inventory at reprocessing. The greater part of the Pu present (sad these 

two isotopes dominate the long-ten? alpha activity} will be front decay of 

^ 'Cm and 2 *“Au. hooking at. the different decay times and total activities 

of the two isotopes of Pu, we may estimate that the total alpha-activity 

in HLW fran an "average mix" of wastes in the GESMO equilibrium MOX recycle 

17 

case will increase by roughly a factor of four over the all-U case. 

Therefore, the ratio of Pu in the HLW to Pu remaining in lower level waste 
streams is, at long times, about the same as for the "stow-away" cycle even 
though the amount of Pu lost in this way is increased by a factor of four. 

The arguments made for the previous case can then be simply extended 
to, the Pu recycle case, with the caveat that the Increased quantity of Pu in 
other than HLW may place an even higher performance criterion of Pu accounting 
when absolute activity standards are established. On the previous assumption 
that the minimum condition for space disposal to make sense is that it reduce 
the amount of Pu (at long times) by two orders of magnitude, the requirement 
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now becomes that losses of Pu to lower level wastes be held to 0.02% at 
each of the three steps--reprocessing, oxide production, and fabrication-- 

1C 

or to 0.06% total for all processes. 

The implications of these scenarios for space disposal can perhaps be 

seen more clearly if we reorganire them in terms of the handling given to 
the KLW before delivery. The three possible cases fur HLW handling arc* 

the disposal of undiff erentiated spent fuel (which is not really HLW in 
the usual p urlar.ee), HLW from reprocessing without further treatment, and 
the transuranic -containing fraction of partitioned nils’. 


Space disposal of undifferentiated spent, fuel would be possible only under 
a very restrictive set of conditions that Lept the entire nude: 
very small indeed. However*, as virtually all of the long lived nud-var 
l/astes are contained in the spent fed. space disposal would bo t- ■"del 

effective in removing them permanently from the environment. 


Space disposal of HLW from reprocessing would be achievable if 7 only a fraction 
of the spent fuel were reprocessed to extract Pu--for instance to generate 
fuel for an experimental breeder reactor program. However, a great deal more 
Pu would remain in the unprocessed spent fuel than would appear in the HLV. 

The 5% of the spent fuel that remains would contain ten times the amount of 
Pu that would follow the HLW. liven if Pu wc-re not extracted, fh'% of the 
spent fuel would ha\ d reprocessed to achieve the dociicd rdaic Ion d 
Pu inventory. Tncrefore, reprocessing of al 1 spent, fuel is a minimum 
precondition for the use of any expensive, high-technology waste ’isposal 
procedure to be sensible. 


S8KS&? 
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if Pu is not extracted in reprocess! .g, but follows the HLW, no further 
conditions need be met. When Pu is extracted, whether to be stored for future 
use or fer immediate application, an additional sensibility criterion is 
imposed by the losses of»Pu to other than high levc-l wastes at various stages. 
If our sinicins condition for the application of expensive, high-technology 


vrrrte disposal is accepted — that is, 
wastes by two orders of * gnilude — t 
in retaining Pu during process hand! 


recycle 


» over. 


a reduction in Pu inventories in total 
hen present estimates of 99.5% efficiency 
ing would have to be improved to 93,9S% 
i with it. 


Assuming that 


th*- 


Lt zoning 


cf HLK would result in no additional 
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lived fraction would make space disposal operations practicable over a much 

wider range of installed nuclear capacity. 

The case discussed ir, most previous studies of space disposal is that 
of partitioned HU?. Tnis satisfies the primary considerations of technical 
possibility. From the discussion above, it may be seen that technical 
criteria alone are necessary, but not sufficient, for determining the desir- 
ability of space disposal operations. The possibility of achieving required 
levels cf performance in reprocessing, Pu accounting, ard parti timing rust 
be determined before the probability that any high-tor.'* no logy exotic method 
of nue ear waste management will be usable and cffecti* -.- can be estimated. 

Gj ,n the present state of knowledge concerning the pi sses involved, an 
accurate determination is not possible. We can only i generic estimates 
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based on extrapolations of present practices and predictions by ethers as to 
achievable levels of performance in the next few decades. 

At the present time, there is no corsaercial reprocessing capacity 

operating in the United States. The only operational reprocessing plant, 

*. 'S in . t Valley, New York is shut down a*- the present, ostensibly to 

jq 

expand its capacity and upgrade equipment. According to the operators, 
the capacity of NFS is being increased to about 750 Mg of spent fuel per 
Official accounts, however, play down the technical and political 
factors that resulted in the closing of this plant. Despite ERi?\ estimates, 
in GESMO and other documents, that NFS would resume operations sometime in 
d-y-d-l i-'5c, .>;■$ has now vicharavn its plans and is attempting to vacate 
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Electric in Morris, Illinois has been virtually abandoned. This plant was 
designed - Aind an "aquaflor" process that had marked differences from the 
usual i’urex process . Tnis process had never been used on a cor.ncrcial 
scale, and GE experienced great difficulties in process operation and 
plant design that were inherent in the construction of the process stages 
at MFP.P. A very large investment would be required to modify the plant so 
as to obtain successful operation, and the combination of time and money 
required are such that GE will apparently abandon MERP rather than trying 
to modify or correct it." 

In our view, then, the only committed reprocessing facility in the 
United States at this time is the AGN’S plant in Barnwell, South Carolina. 
This plant is also beset by a number of issues that must be resolved before 
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it becomes fully operational. “ The profitability of AGNS has been called 
into question by many sources. The NRC will not make its decision on the 

conditions under which Pu recycle will be allowed until 1977, end the AGNS 
operators are reluctant to open the plant until Pu recycle is allowed. 
Solidifed waste facilities have not even been designed at this time, and the 
method used for solidification has not yet been agreed upon. There is son.e 
question as to whether AGNS will be allowed to start up before the waste 
solidification issue is settled. As doubts and delays multiply, there hns 
been jv creasing concern over whether L KLV. should take over AGNS itself and 
operate it as an experimental facility to help resolve some of the questions 
as to reliability, operation, ana pi ofivabrlit y before- private : -viist 
co-v.-its itself la the. cor.sti rcti'-n of aJc’iiicc.al ; lants ' 


Exxon plant. It is very doubtful that Exxon would initiate construction 
on this plant until some of the difficulties with AGNS are cleared up. It 
is certain that only successful and profitable operation of AGNS would induce 
other private companies to consider the construction of tiie additional re- 
processing capacity that would be required to close the bach end of the 
nuclear fuel cycic and reduce inventories of spent fuel. 

From the point of view of this study, however, the decisions that would 
enable the complete re processing of all spent fuel that is a prceond.it i-.p for 
the use of expensive, high-technology waste disposal operations to he a 
sensible method for HLW are independent of whether or not space disposal is 
considered to be the most desirable method. Other considerations are far 
more important. The details of waste management at these plants, however. 
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Cfrmot be independently determined by other considerations without seriously 

interfering with any supposedly independent decision on HUf disposal. 

Partitioning is still, at this tine, a hypothetical process even on 

an experimental scale. There have been several studies that have examined 

24 

the technical feasibility of reprocessing operations, and they have 
generally indicated that a considerable aiiount cf research will have to be 


done before cozsorciai process fi 

is unlikely to change so long as 


cnar! 


cai 


• ? si; 


tic I! 


current disinterest in partitioning is. 


naintamea . Neither c.-al-t nor incur. try nas u-i*_ee rest-nrer. cn partition:) 

at a very high level. Should an a.rplc supply of technical support and 
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demonstrate partitioning within a fixed t 

cbsoJc-lr. 'inure is, however, little inai. 


•. these evnlunticr? ’ — si J l« 


There would be no reason to construct a partitioning facility if terrestrial 
geologic disposal is 'leid to be adequate. 

If traditional approaches to waste management continue to be fallowed 
in the future, it is very improbable that the other preconditions for space 
disposal operations will be met either. There is no profit to be had from 
waste management, and therefor- no incentive to do other than meet necessary 
regulatory requirements. Although it raav be presumptuous for us to assure 
that we can forecast more accurately than industry or gevernew r-ta ’ personre 1 , 
it would seem most probable that at least the ATMS plant will ultimately 


solidify the HU? into a glass, either by the French process or by comparable 
U.S. processes. This would preclude any possibility of subsequent redissolving 
and partitioning, but, as we have pointed out, there is no reason to partition 
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unless a decision to dispose of HUtf by a method requiring partitioning has 
already been chosen. The additional requirement that Pu be kept out of the 
lower level waste streams to an accuracy of 0.02» or better would entail 
considerable additional engineering and costs. Only a prior decision to 
restrict transuranic disposal to a method (such as space disposal or transmutation' 
that removes it from any chance of ever re-entering the environment 


lead to consideration 


accountability fui 


losses . 


It is, therefore, r.ct correct to merely 


t ho probabilities th:-t 


the necessary preconditions will be. met and fries these try to project the 


■- s' c* t O l i 


i :t - O 




is si ey, and effort as arc req'i’rcd fur th. 


Led ILL’..' to meet rczalatorv 


minimum requirements will be expended. This will effectively foreclose 
a number of options for the management of nuclear wastes that might be most 
desirable on other grounds. 

If a high-technology option such as space disposal is to be selected, 

then the other portions of the fuel cycle that have an impact on the 
applicability and ef ficacy o f the chosen method must also be altered to 
facili t ate it. To return to our examples, if the nuclear industry is to 
bo very small and the use of lu held to he undesirable, a selection c: t; a cc 


disposal as a desirable method would entail the construction of the necessary 
reprocessing plant to separate HLN from other components of the spent fuel 
even if recycle of the U was economically unprofitable. 



4.18 


For the perhaps icore likely case of an extensive UfR economy with Pu 
recycle, a decision to dispose of the long-lived transuranics by space 
operations would require the fulfillment of the previously mentioned con- 
ditions of complete reprocessing, high Pu accountability, and partitioning 

of all HLW. All of these steps should properly be considered to be part of 
the waste disposal operation. Just as the GESMO takes into account all 

portions of the nuclear fuel cycle for computing the value and efficacy 
of recycling Pu, a proper statement of the possibilities for nuclear 
waste management must include all other operations that might have to be 
performed at other steps in the cycle to ensure the value and efficacy 
of the method under consideration. 


The questions, then, are these: Vfr.at is the probability that the ret 

cf division:: that wruld V\e. to b? j. to facilitate sp:c.; di-'-pcr’l c-pev- 

ations would in fact become properly linked and, if so, how probable is 

it that the consequent decision would favor space operations? At the moment, 
the probability that either one of these questions would be answered 
affirmatively appears to be very small indeed. This does not necessarily 
imply that no further attention should be paid to consideration of space 
disposal. Concern over the disposition of HL» is rising markedly as inven- 
tories and projections increase and public concerns become more cl jrly 
articulated. Over the next few years, it is possible that, on grounds other 
than cost -effectiveness or maximum simplicity, the space disposal option 
and other high-technology methods will be looked at far more closely, with 
an eye to alter*ng the operation of other parts of the fuel cycle to 
facilitate such operations. The great danger is that the linkages between 
the several operations will not be acknowledged soon enough to prevent an 
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irreversible conitnent to a facility that is not capable of performing 
at the level required. This could foreclose the options even as they are 
being considered. 

It does appear unlikely that space disposal would ever become a 
selected method for managing nuclear wastes unless there were a deliberate 
and conscious social decision to permanent ly remove the wastes from all 
possibility of ever re-entering tire biosphere a',, apy time in the future. 
Such a decision is not to be taken lightly, nor will it be. 

But even if this decision were to be seriously considered, there are 
a number of specific question:, that would need to be answered before the 
impacts of such a pregrej could be estimated: What arc the operational 

hazards and risks? Khrt would the social, radiological and political 
cwiseouc ees of fall-scsie opera: '.: -i i-c «iv? . a fixed ret of probnV 5 lilies 
for operational risks? What, woul ^ the social and economic costs be? 

These questions are not limited solely to the space operation itself. 

As we have mentioned earlier, space disposal cannot be implemented without 
also creating the necessary appurtenances and supporting institutions 
to modify the fuel cycle so that the actinide portion is separated out 
efficiently and effectively. As time passes and the components of the 
fuel cycle are increasingly committed for the sake of short-term goals 
and determined by available and well -understood technology, the possibility 
of having the choice of space disposal available if it is wanted will 
increasingly be pre-'-’pted. Large capital investments in waste handling 
and processing equipment, large political commitments to defend the 
selected waste management system, and large inventories of solidified 
high-level wastes that can no longer be adequately redissolved for 
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partitioning would all bo irreversible steps along a path that is not 
compatible with space disposal. If the decision to keep the space option 
open is not taken within the next ten years or so, while there is still 
a window for a wide range of waste management choices, we oust ask whether 
space disposal is likely to remain even a possible option. 

For the remainder of this study, we shall assume that a decision to 
opt for space disposal has been properly made, and that the preconditions 
listed have been net. The next step is to assess the impact of a space 
disposal operation that is technically possfble and radiological !y sensible. 
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Motes to Chapter 4 


1 . Alternatives for Managing Wastes From Reactors and Vost-Fission Operations 
In the LWR Fuel Cycle, Report ERDA-76-43, U.S. Energy Research 5 Develop- 
ment Administration, Washington, D.C., 1976. 

2. Space disposal operations are particularly sensitive to HLW thermal power 
as well as radioactivity, owing to the necessity of protecting the in- 
tegrity of the re-entry capsule in the case of an abort. We shall return 
to this subject in Section IV of this report. 

3. T. H. Pigford, "Radioactivity in Plutonium, Americium and Curium ir. 

Nuclear Reactor Fuel," a study prepared for the Ford Foundation Energy 
Policy Project, Dept, of Nuclear Engineering. University of California, 

1 orheley, California, June, 1974. 

4. In the Purex process, both the U and the Pu are extracted at very high 
purities. The only other primary output of the process is the high- 
level waste stream. A flow chart for this process indicates that the 
loss of transuranics to other than the HLW stream will occur only for 
Pu, and the Pu losses will be incurred only because of the subsequent 
handling it receives. 

5. Draft Generic Environmental Statement of the Use of Mixed -Oxide Fuels 

• (GESMO), report * WASH-1327, U.S. Atomic Energy Commission, Washington, D.C., 


August, 1974. 

6. Only the Uranium would be extracted in the Purex process for this case. 

But as this comprises the bulk of the spent fuel, mass reductions of 
about an order of magnitude would still be achieved compared to unprocessed 
spent fuel. 
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7. For instance, at an 80% burn, corresponding to 26,400 MKd(th)/Mg , one 

235 

third of the original l) inventory would remain, corresponding to 

an enrichment of about 1.1%. At currently achieved capacity ractors of 

235 

between 50% and 60%,- roughly one-hali of the U would be discharged 
in the spent fuel. This would correspond to an enrichment of about 
1.65% for the recovered U. Source: 0RIGEN code run for model Diablo 

Canyon reference fuel at 50 IfA’Cthj/fig, 5.3% enriched II f_<. ' . 

8 Of course, there will be associated losses of various isotopes of 

Uranium from the various U handling facilities. However, the number of 
alpha-curies produced is quite small. Presumably, fuel hold-up times 
will be sufficient, for the shorter -lived be^a- active isotopes cf U to 
decay away. 

5. Sc; also K. J. Ang, "Qua.' cities of Actinides is. Nuclear Reactor' fuel C'vri 

Ph.D. Thesis, Department of Nuclear Engineering, University of 
California, Berkeley, California, April, 1975. 

10. A rather complete discussion of the decay modes of the several actinide 
species is given in Chapter 3 of this report. 

11. At these long times, Plutonium is the dominant contributor to the HLK 

activity. For times longer than 10** years, of course, the longest-lived 

237 

components of the waste, such as Np will dominate, but by this time 
the total activity in the wastes is quite low. 

12. Perhaps a more important consideration will ultimately turn oat to be 

the degree of removal of the transuranics from the fission product 
fraction of the partitioned wastes. Throughout this report, we assume 
that these losses are negligible, and do not contribute to the losses 


of Pu or other alpha-emitters to terrestri 


tcs. Should 
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13. 


the partitioning process involve a significant amount of loss of 
transuranics, the efficacy of space disposal would have to be re- 
considered . 

For a graphic display of the growth of Pu activity in HLW, see Pigford, 
op. cit . The estimate here is based on the following draft GESMO estimates 
per Mg of 150-day aged spent UO^ fuel at 33,000 MWd(th)/t!g assuming 


the Pu follows 

the HLW: 

* 




239„ 

Pu 

24,400 yrs 

26.5 

g ms 



243. 

Am 

7,950 yrs 

S5 

gmr> 

(to 

239- 

Pu via 

24 0 D 
Pu 

6,580 yrs 

11 

gms 



244- 

Cm 

17.6 vrs 

50 

gms 

(to 

240 _ . 
Pu) . 

Jv t>c calculate 

J fraction is not the 

seme 

for 3 3 1 

t i 

* <•.. c ^ r. 


259 , 
Np) 


have pc' forme -i this calculation as follows. At the time of reprocessing, 

assume that for every 1090 Ci of Pu that goes to the HLW, 40 Ci are lost 
to low-level wastes. At the time when the Pu in the HLW peaks owing to 
decay of Am and Cm, the alpha activity due to Pu will be equal to that 
of a mass of Pu which had an activity of 4000 Ci at the time of repro- 
cessing and the same isotopic composition as the Pu in spent fuel. 

240 

15. At least for that period where Pu activity dominates. At times 

5 239 

longer than 10' years, Pu dominates and the activity will be increased 
by a factor of about 3.5, 

16. Tli is estimate is based on the GESMO "average mix” estimates per IJg of 
150-day aged spent fuel, assuming 11% M0X and 89% UO^, at 33,000 MWd(th)/Mg 
assuming 0.5% of the Pu follows the HLW: 
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2J9 Pu 

24,400 

yrs 

30 

jjms 

243 m 

7,950 

yrs 

380 

I?ns 

240 Pu 

6,580 

• 

yrs 

15 

gms 

244 C. 

17.6 

yrs 

210 

JDS 


17. Compare the Pu inventories in notes 13 and 16 above. 

18. As in note 14, we use Pu activity in the HMv at the time when decay !\i 
from Am and On peaks to establish an equivalent quantit) of Pu at the 
time of reprocessing. 

19. Nuclear Fuel Cycle , a report by the Fuel Cycle Task Force, report 
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# ERDA-33, U.S. Energy Research and Development 
Washington, D.C., March, 1975. 
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24. J. W. Bartlett et al.. F easibility Evaluation and R £ D Program Plan 

for Transuranic Partitioning of H i gh-level Fuel Reprocessing Waste , report 
tfBNWL-1776, Battel le Pacific Northwest Laboratory, USAFC, Richland, 


Washington, November, J9V5. 
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THE 


NASA SPACE SHUTTLE PROGRAM 


IN WASTE MANAGEMENT 
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INTRODUCTION' TO PART II 


In Part II of the study, we e..anune the technical, policy, : rU 
public environments in which a space disposal program would operate. 

Part I laid down the pec end it. ions for space disposal to ho give > . 
consideration ps an option.. Part 31 examines the t o . j lions that \.c- ' 1 
hr*’ c to bt not for successful i \.c , ; i rcn ope.-:- lot. 'inert condil i on* nr:- 
limited to the technical and operational management of the shuttle program 
over which NASA has at least some direct control. T i the hypothesized 
shuttle-based space disposal program is to achieve its goal of markedly 
reducing terrestrial inventories of long-lived nuclear wastes, the rest of 
the nuclear fuel cycle must be technically adjusted and managed to those 
ends. Both industry and government policies and regulatory climate would 
have to be compatible with the requirements of space operations. Public 
confidence in the ability of NASA to prevent accidents, and public willing 
ness to accept them if they occur, would be needed. We argue in tins part 
of the report that, in the present industry, government, climate, these 
conditions are unlikely to be met. 





Chapter S introduces the space shuttle technology developed by* KASA 


as it applies to conceptual space disposal programs. Mission profiles 
and waste packaging design are adapted from previous NASA studies. The 
management of the nuclear fuel cycle is shewn to have a major effect on 
the needed launch rate for the assumed space disposal technology. As 
this is no t determinable, v?e choose to establish three cases: rising to 

10, 100, or IC'QO launches per year fcv the year 2000. These bracket the 
range of choices, from low enough to be easily fitted into projected 
shuttle program growth to large enough- to throw r. r*ajor strain on the 
entire U.S. aerospace industry. 

Chapter 6 -parallels Chapter 5, but examines the needed program 
, ’so r tw"ro"-- the rcrou-'ce, ijsst^tutional , and rear g.'uent retirements for 


WO: O'; c* £ :>:■ . , 


' r.u 


as mineral Although we had neither the time nor the resources ourselves 
to survey the shuttle production requirements closely enough to try to 

t 

identify ’’bottlenecks” — areas that arc likely to restrict program expansion 
at the required rate of growth— we gcnerically identify a set of problems 
that are liltely to occur. Shifting a program from an experimental one 
based on a few vehicles to one of large scale entails expansion at a very 
rapid, rate. Physical resources needed may net be expandab 1 c at that rate. 
Perhaps more critically, crganir.ations and institutions are not 1 * 1 . 
suited either for high growth rates (going to scale) or for rapid shifts 
r roe» highly stimulating experimental programs to repetitive high -volume 
ones (going to routine). Even if physical and industrial resources could 
be provided to handle program growth, problems of organizational growth 
might prove insurmountable at the required levels of institutional performance. 
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It is not only difficult, but impossible with any degree of accuracy, 
to predict policy, regulatory, and public reactions to a future space dis- 
posal program, Khat we have don<_ in Chapter 7 is to examine the past 
history of institutions that have dealt with waste management in some 
capacity. From this history, we can infer what institutional issues and 
regulatory milieus are likely to occur in the rear future, based on 
cxtrrpoluT ion of program histories and directions. Similarly, we examine 
in Chanter S the tvo extant public attitude surveys that have been 
performed on public responses ro via vicar i-xstc ranagcaienl and attempt to 
draw from these some conclusions about future public attitudes towards 
sp v.e dispos'd. Kccer s.v.v 1 , l: v.j. ..cy c ' stub. an c.xtrvolvt lo 

di is isles as it is pro; vci cd fuii’u. into ih*~ future. 7 be trend, h .:r, 

-*s to i.5 ic be quite e2t;:r. b.-'-rt >:Vro or; ;;:r< , .d -o; evs >■. 
the goals and purposes of governments and the public, space disposal is 
unlikely to find a hospitable climate for operation. 
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CHAPTER 5 


✓ 

THE SPACE DISPOSAL OPTION USING THE SHUTTLE 


Introduct .Ion . 

Disposal c- lor.g-lj vcd nuclear Kt v vcr. in curt*.- ' r; o coo be an 

attractive idea if the goal of waste management policies is irreversibly 

to remove these wastes from all possibility of re-entering the human 
environment. TVo major issues need to be considered in determining the 
utility of current or projected NASA-developed capabilities for effec- 
tively removing the bulk of the long-lived wastes: whether the program 

will have the capability to deal with the masses involved for a reasonable 
mission profile; and whether such operations can be performed at a level 
of reliability that would lead society to determine that the risks 
involved would be reasonable and acceptable. We dofer the issue of safety 
adn reliability to the next section, and address here primarily the issue 
of the adequacy of present and near- future NASA capabilities for dealing 
with the wastes at the levels currently predicted. 
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In the absence of technical aid and advice fron NASA technical 
personnel, we are unable in a United study such as this to examine possible 

future capabilities and equipment, or independently to assess presently 

available programs. Ke -rely for our technical information primarily on 

two NASA reports, one dealing with passive waste containers 1 and one or 

2 

using the waste heat for a thermally driven ion-propulsions system, that 
assume the lift vehicle to be the space shuttle as currently designed. 

We also draw extensively or. Section 8 of BNWL-1900,^ and ERDA-sponsored 

overview of high-level waste management alternatives. 


The baseline technical assumption for this 

space shuttle as currer'-ly planned will be used 
or l hod for epnee dispose! of vac? ear wastes, a.ni 


study is that the manned 

to implement any chorea 
'hat The only acccr- '.able 


mission . iofila ir ; 

via Jupiter swing -by. 


tr.i a-.:’ v'~ 


Figure 5.1 shows a typical launch- to- landing sequence for the space 
shuttle. The launch vehicle is to be boosted off the pad by two solid- 
fueled motors that are subsequently dropped for later recovery while the 
orbiter continues its mission on the expendable external fuel tank. Once 
the shuttle is orbited, any desired payload can be deployed from the cargo 
bay. The payload can either perform its own mission or be left in orbit 
to await f»rt he i* *o:-J deliver-."- for nsscr.bly of ;; cor oolite v-Meift. 

Figure 5.2 shows how a waste package might be mounted in and deployed 
from the shuttle orbiter. The orbiter is capable of some orbital maneu- 
vering, and can be used to retrieve a malfunctioning package prior to the 
separate initiation of the package propulsion system. Upon completion of 
its mission, the manned orbiter returns tc a landing site on Earth. k 
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Figure 5.1 
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After reviewing the analysis performed in BXWL-1900, we agree that 
the only missions that would provide appropriate safety against orbital 
degeneration are direct solar impact and direct solar system escape. Table 
5.1 summarizes the considerations used in deciding among the various mis- 
sions. Of these two, solar impact is discarded as being too expensive, as 
the fuel required for such large values of Delta-V (the incremental velocity 
that must be given to an orbiting package by its propulsion system to achieve 
the indicated trajectory) would greatly reduce the vehicle payload and thus 
markedly increase the number of launches required and the associated cost. 
Although this is sufficient reason for rejection of the solar impact mission, 
ve also point out that several of the persons *.;e discussed space disposal 


with expressed, cor 'em shut 
»*.*> -cctorv ’..sulci vojaii’iso 


a nuclear waste package cn a solar impact 
bef hcji," center -'Vi and hi. n in tv lb. sun’s 


gravitational field, a.-d thut the solar wind might then push the j nseous 

cloud of hazardous materials back into the Earth’s orbit. All of the pro- 
jected missions will have to take place in the plane of the planetary orbits 
to take advance ge of the orbital velocity of the Earth. TT.e additional 
costs of operating out of the orbital plane are prohibitive. 


The NASA-Hvland Study . 

The. major study cn the use* cf the shuttle for the disposal of nuclear 
wastes lias been that performed l*v the NASA -Lev,’ :> hor.curch Center, a- J compiled 

by Robert E. Hyland. 1 Ke refer, to it throughout as the NASA -Hyland study 
without derogating the role played by the other participants. 

In this study, it was assumed that the wastes would be encapsulated 
by a method that provided adequate shielding to protect the orbitcr crew 


h 1 ;; , 
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Figure 5.2 

SPACE SHUTTLE ORB ITER WITH NUCLEAR WASTE PACKAGE AND TUG 




Source: BNWL-1900 

r 







TABLE 5.1 


CONSIDERATIONS FOR VARIOUS SPACE DESTINATIONS 


Destination 

Delta-V, 
km./ see 

Advantages 

Disadvantages 

High-Earth Orbit 

4.11 

Low Delta -V 
Launch any day 
Passive waste package 
Can be retrieved 

Long-term container integrity required. 
Orbit lifetime net proven. 

Solar Orbits Via: 
Single burn beyond 
Earth escape 

3.65 

Low Dclta-V 
Launch any day 
Passive waste package 

Longer-term container integrity required. 
Earth re-cncounter possible (may not be 
able to prove otherwise) . 

Abort gap past Earth escape velocity. 

Circular Solar Orbit 

4.11 

Low Delta-V 
Launcn any day 

Long-term container integrity required. 
Orbit stability not proven. 

Requires space propulsion system. 

Abort gap past Earth escape velocity. 

Venus or Mars S win# y 

4.11 

Low Delta-V 

Long-term container integrity required. 
Limited launch opportunity (3 to 4 months 
every 19 to 24 months) . 

Requires midcourse systems. 

Need space propulsion or have possibility 
of unplanned oncounter. 

Solar System Escape: 
Direct 

8 . 75 

Launch any day 
Passive waste package 
Removed from solar system 

High Delta-V 

Abort gap past Earth escape volocity. 

Via Jupiter Swingby 7.01 

ORIGINAL PAGE IS 
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Removed from ~ol nr system 

«'> 

High -Delta V. 

Limited launch opportunity (2 to 3 months every 
13 months) * . : 'i 

Requires midcourse .systems. 

Abort gap past Earth escape velocity. w 



TABLE 5.1 « cur'd 


Destination 

Delta-V, 
km/ see 

Advantages 

Disadvantages 

Solar Impact: 




Direct 

24.03 

Package destroyed 
Launch any ’k.y 
Passive waste package 

Extremely high Delta-V. 

Abort gap past Earth escape velocity. 
Not possible with present vehicles. 

Via Jupiter Swir.gby 

7.62 

Package do sen •yed 

High Delta-V. 

Limited launch opportunity (1 to 2 
months every 13 months). 

Requires midcourse guidance systems. 
Abort gap past Earth escape velocity. 


Note: Delta-V is the incremental velocity required to leave a low-earth orbit. 

An abort gap is a short time period wherein a controlled abort of the 
mission cannot be accomplished if the flight is ofc-course. 






(Source: BNNL-190C) . 
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and security against aborts and other accidents including a re-entry by the 

4 — 4 1 

unprotected waste -containing capsule. Major components of this proposal are 
shown on Fig. 5.3. This is a shuttle/fg/tug mission, requiring two shuttle 
orbiter launches for every waste package propelled to solar escape.' Hie 
first nission places a reusable tug into orbit for supplying the major 

' v 

escape propulsion,' and the .second carries an expendable tug and waste package. 
A typical waste disposal mission would have the following sequence of events: 

1. Launch shuttle #1 to parking orbit. 

2. deploy reusable tug to rendezvous. 

4 3. Launch shuttle #2 to '.arking orbit. 

4. Expendable tug and attached waste package deployed to rendezvous. 

5. Ka. 'r tugs and dock in tandem. 


6. Kcnszhle tug supplies initi*?] piopulsjc-i and returns to shut lie - ■! 

7. Expendable tug injects waste package to solar escape trajectory. 

A representative nuclear waste package for this mission is shown in Fig. 5.4. 

For the package showr., which has a waste payload of about 200 kg. for 
solar escape, it is assumed that the high-level wastes are partitioned, and 
that only 0.1% of the fission products follow the actinides into the space 
disposal processing. The remainder of the high-level wastes, consisting 
primarily of the fission products, are to be disposed of on earth by 
geological methods. As discussed in both the NASA Hyland study end in 
BNWL-1900, it appears to be impracticable to dispose of the great bulk of 
the unpartitioned solidified reprocessing wastes. The three cases for 
potential use of the space disposal option discussed in BNWL-1900 were: 

Case 1: Dispose of the bulk of the reprocessing wastes, solidified 

and encapsulated as boros ilicate glass. 
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Figure 5.3 59 

CCMP&NENT WEIGHTS FOR NUCLEAR WASTE DISPOSAL MISSION 

Required for mission; one shuttle carrying rcsuable space tug, 
and another shuttle carrying expendable space tug and nuclear 
waste package. 


.,.p\ 


COMPONENTS 


REENTRY BODY 



WASTE 

SHIELDING 


'V 5 " 

.--VI -IMPACT SPHERE 


ADAPTER 


NUCLEAR WASTE PACKACE 



CD Od 


—11m 


REUSABLE SPACE TUG 



EXPENDABLE SPACE TUG 


COMPONENT 

WEIGHT, 

k* 

NUCLEAR WASTE PACKAGE: 


WASTE {ACTINIDES PLUS 
0.1 PERCENT FISSION 
PRODUCTS) 

203 

SHIELDING {LiH, W, MATRIX) 

1.SP5 

IMPACT SPHERE 

610 

REENTRY BODY (HEAT SHI ELO) 

410 

I ADAPTER 

120 

1 

S;AV_ SHUTTLE: 


ORtUTER (DRY WEIGHT) 

CS.000 

LIQUID PROPELLANT AND TANK 

737,000 

SOLID ROCKETS 

1.030.000 

REUSABLE SPACE TUG: 

• 

PROPELLANT WEIGHT 

23,500 

BURNOUT WEIGHT 

2.000 

EXPENDABLE SPACE TUG: 


PROPELLANT WEIGHT 

22.000 

BURNOUT WEIGHT 

2,000 


Source; BNWL-1900 ORIGINAL PAG® ® 
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Case 2a: Dispose of actinides only, with fission products separated 
out to within 1.0% by partitioning. 

Case 2b: Dispose of actinides only, with fission products separated 
out to within 0.1% by partitioning. 

Case 3: Dispose of actinides only, with fission products separated 

out to within 0.1% and with 99% of the curium removed as 
well. 


The following assumptions concerning the reprocessing and waste 
handling capabilities of the industry are made in analyzing the efficacy 
of the NASA -Hyland option for the U'R-uranium cycle. 

1. Reprocessing plants pass 0.5% of the uranium and plutonium and 
all of the o*i her actinides to the high-level wastes; 

2. Solidified eigli-lctel varies will be in the fur;, of borer* ; ’ rate- 

glass with a density of 2; 

3 3 

3. One Mg of spent fuel reprocessed will yield 0.057 m (2 ft ) of 
vitrified high-level solid wastes; 

4. One Mg of spent fuel reprocessed will yield about 5.7 kg of 
actinide oxides from calcining, assuming a fuel burn of 
33,000 Ml»d (th) /Mg. 

The total mass of high-level borosilicate glass solids produced by the repro- 
cessing industry growth was specified in Fig. 3.3, as was us-cejacea mass of 
the actinides contained in it. For any reasonable amount cf radiation and 
re-entry shielding, the total mass of the reprocessing wastes far exceeds 
any achievable capability for space disposal in the foreseeable future. 


If the wastes are partitioned to separate out the long-lived alpha- 
emitting actinides, the mass problem becomes more tractable. Figure 5.5 



Source: BNWL-1900 
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details the packaging to be given to the actiniae wastes. Tie boron particles 
serve as moderators to inhibit potential criticality i” dents. The LiH 
is present to moderate neutrons produced by ( a, n) reactions between 
actinides and light elements such as fluorine and oxygen. The tungsten 
gamma shield is necessary because of the activity of the remnant fission 
products. The stainless steel impact shield and re-entry shield are for 
protection against abort and re-entry of a capsule, and the capsule itself 
has been shaped to ensure stable re-entry with ablation of the shield to 
prevent melting of the capsule. 

Tabic 5.2 provides summary data on the contents and package configur- 
ation for Cases 2a and 2b c>f hX'WL- I'dC'O. The prylu 1 cap :bi 1 ilios iic* about 
115 kg of acti"' : des per package for D?T removal of fission products, and 
about 200 kg per package, for 0 ? . 5 « rei-ar n'J . I*’;.. 1 :. f . X pluts th - 'v. 

of shuttle launches that would Ivve to be per formed ce :h year to dispose 
of all of the actinides from reprocessing of spent fuel through the your 
2000 for a nuclear industry sized according to the assumptions of Chapter 
3- of this study. In generating this figure, we h- ve smoothed out the 
actinide mass data of Fig. 3.5. Reprocessing capacity will increase in 
500 Mg/yr chunks according to the assumptions made in Fig. 3.4, but wc 
assume that shuttle capacity would be increased more smoothly. We also 
assume that waste disposal operations using the shuttle would only tests 
prior to llMO, and that full-scale operation ar-1 expansion of capacity would 
begin in that year. By the year 2010, we assume that available shuttle 
capacity just matches the amount of waste produced, and that the backlog 
has been disposed of. 
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TRAN'SL'RANICS AND UH 50VOL%A! 


rHISLDiiVGs 



TUIIGSTPN CAPSULE fOrt V 

H (3H TEMP STABILITY 

\ ALUMINUM OXIDE COATING 

VOID \ FOR OXIDATION RESISTANCE 

v-'L'jmi rcn \ / 

xojum ruiLOLP \ / 




t;ci 


| hvoridc*' 
.-M MATRIX 


AA* •>< /;%• ^£.;> 

f I 

"■■* " | I * — 3.2 mm 


BORON PARTICLES 


ANSURANIC WASTE CAt'SULE FOR SPACE DISPOSAL 
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TABLE 5.2 


SUMMARY DATA ON PACKAGE CONFIGURATION FOR SOLAR ESCAPE 
PACKAGE, FOR THE TWO PARTITIONING CASES DISCUSSED IN 

BNHL-1900 

CASE 2a Case 2b 

IT F.P. residue 0.1% F.P. residue 

Dimensions of Package: 


Outside diameter (m) 

Thickness of SS shell (cm) 

O.D. of impact sphere (m) 

SS impact shell thickness (cm) 
LiH shield thickness (era) 
Tungsten shield thickness (c- ) 


1.81 

1.81 

0.1 

0.1 

o.ss 

1.04 

2.54 

2.54 

8.8 

10.5 

4.9 

3.6 


lvylosd O r) 3270. 
Actinides pci pack:. }; e (kg) 113. 
Fission products per package (kg) 40. 
Re-entry shield raass per package (kg) 415. 
Impact vessel mass per package (kg) 567. 
LiH shield mass per package (kg) 135. 
TLngsten shield Bass per package (kg) 14S0. 
Mass of matrix per package (kg) 505. 


3?vn. 

is] . 

6.7 

415. 

640. 

178. 

1190. 

625. 


Thermal power per package (kl.’) 
Fission product curies 
Actinide Curies 


9.26 
4 x 10 S 

3 x 10 F ' 


13.25 
6 x 10 4 
5 x )0 5 


, . * ^ 
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244 

As is shown in Table 5.3, On doninates both the thermal power and 
the radioactivity of the actinide portion of the partitioned wastes. As any 
reduction in shielding mass would be immensely useful in reducing the 
number of missions needed, it is well worth examining more closely the 
preconditions for their presence. 

The dominant radioactive hccard from an unbroken capsule will be 
due to the g.'rjaa radiation free; the fission product remnant, and the 
tungsten shield used fer blocking ganna radiation accounts for a large 
portion of the total package mass. As shown in Table -'>.2, increasing the 
extraction of fission products from 99* to 99.9* allows a 290 kg reduction 
in the tungsten shield -css. Put net all of this mass reduction is avail - 
cble for actinides, as other chsrncteriv-tics of the p.?c5 aging must be ad- 
justed to c-rp.-v.r.Htc* f' - is ere. rc-.: nct'r^i" v r.-r r; 1 p. :er and < d-iei.; : . 

1:,s LiU shield for absorbing or s-.odercting the high energy neutrons 
generated by ( a, n) reactions would have to be increased, but as 
shown on the tabic the mass increase would be only about 40 kg. Far more 
significant is the necessary increase in the mass of the matrix and of the 
impact vessel to allow for the increase in actinide thermal power. 

Because the heat generated by the wastes could cause melting or other 
failures of containment in the case of re-entry, the package has been 
designed so as to keep surface te'-peratures kale’..’ critical values in the 
case of a?: abort. A l;.rge ports or of the matrix r.ess consists of high 
thermal conductivity materials to convey the waste product decay heat effi- 
ciently to the surface of the package and keep internal temperatures at 
safe levels. 
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NUMBER OF SHUTTL E LAUNCHES PER YEAH 


Figure S.6 

ANNUAL SHUTTLE LAUNCHES AND MISSIONS 
FOR SEVERAL SPACE OPTIONS 
(Basis: two shuttle launches per Mission) 



NUMBER OF MISS'C'^ s fR YEAR 
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TABLE 5.3 

10 YEAR WASTES, HIGH LEVEL: 99.5% Pu.U REMOVED 

(Source: ORIGEN - Diablo Canyon Fuel) 


Actinide Therm 1 Power (Watts/M&)* 


NET: 

67.1 


244 Cm: 

^7.3 

(Sb%) 

241 *»: 

5.4 

( 8^) 

238„ 

Fu: 

3.1 

( «4) 

Subtotal 

6S.S 

(wy 

K -- 

t 

1 3 j J o r.a u 3 0 ■ ! V IT t 

v (r: # " 

li-TT: 

7,503 


r. 

1, 

f y j •" i 

O - •» 

““Ani 

160 

( v>) 

24 1„ 
Fu 

320 

(14%) 

Subtotal 

2,120 

(92%) 

* 

Referred 

back to net spent 

. ut 1 rca 
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The removal of the curium from the wastes thus appears to be a desir- 
able goal as an adjunct to space disposal. Curium reduction could also be 

effected by managing the fuel cycle somewhat differently, and ve shall 
discuss this possibility later in this section. A detailed analysis of 
Case 3, curium removal, was not performed in BNiVL-lHOO, as there were no 

available technologies for doing so. It was estimated that large increases 
in payload ccaid result. Inc LiM shield.' r.g could be greatly r„.K.catl, or 
removed completely. This would also make the package size slightly smaller 
reducing the mass of the impact sphere. 1 iie amount of Cu or A! placed in 
the matrix lor hunt r (..naval could be run.; reduced. As shown in Table 5.4, 
this is a •'* ■•dor. bit : o t : r r . -he t'-.r-l r:; u : ? . Tic: '-ichact- sice is 1 . > 


d etc. wined bv \hn -net cos' ;viv;' 


source - t > ■ the 


low. In a! of the he: l sc urcu. c -til. I c-lHs; a redesign i hr great*. r 

efficiency of packing. When all those factors arc taken into account, it 
is estimated hat the actinide mass per waste disposal package could be 
doubled, reducing the nu her ol missions by a factor of two . This estimate 
could be on the conservative side. This case is also displayed on Fig. 5.6. 


The NASA-Burns Study. 


A second Su.-’y on the d i n osel of svclcnr uuncs in space was r-. .enily 


perfumed by a Uci hot! the \VdlA fhirsha 1 1 Spoce '. light Center vwov tint 

2 

direction of R, H. burns. Again, we shall refer to this as the NASA -burns 
study for convenience without meaning to play down the roles played by other 
contributors on the study team. 
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TABU; 5.4 


CUSHION OF TRANSURANIC tfASTfc IN SPACE DISPOSAL 

CAPSULE 


Tot. -1 ! kg in 

Material kf/ liter Single Sphere 


Li-6 

0.1120 

6.325 

Li-7 

0.1610 

9.092 

Cu 

1.9900 

112.376 

0 

0 . 1 oso 

6.099 

A1 

0.6050 

31.164 

H 

o.O',:*'.! 

2.560 

K->-237 

0.61 SO 

34.898 

P 1-25S 

0 0(5*9 

0.27<> 

l’u-259 

0 . 0 ^ 3 il 

1.257 

Pu-240 

0.0U-3 

0.920 

Pu-2.il 

C .0024 

0 . 3. 

Pu-242 

0.00)6 

C .088 

?-\l 

(’.!>.) T. 

2.5- » 

f : ' • - 


4.215 

C:-V 1 

C .Oi/S 

3 .005 


MATERIALS AND DIMENSIONS OF SPACE DISPOSAL CAPSULE 


Shell 

Materiel 

Density 

g/cm^ 

Radius 

an 

Thirkr.o. 

cm 

-- 

Transurnnics 
+ Matrix 

— 

23.8 

— 

1 

Tungsten 

39.3 

27.02 

3.22 

2 

Lilt 

0.82 

34.62 

7.60 

3 

Stainless 
Stc 1 

7.93 

37.16 

2.54 

A 

Carbon 

2.1 

33 .16 

1 .00 
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Unlike the KASA-Hyland study, the wastes are not treated here as 
passive payloads to be maneuvered into escape orbits. In the proposed 
vehicle, known as NEWSTAR, the rctinide decay heat is used to drive an 


electric ion propulsion system. This is said to be more efficient than the 
chemical thrusters suggested, for the NAS A-Hy land tugs. The proposed vehicle, 

which usc.5 mercury ions fc-r propulsion, is shown in Pigs. 5.7 -sd 5.S. 

1i,c a :t inodes :-.jv to bt pnebv -A in ..n r.r ; y of ciro>«lr.r canict .rs surra ir-lcd 
by radiation shields. The heat from the wastes is conveyed by heat pipes 
to a roc of thcmKnic d!od-v.». Vno el t : r ic'~y ftp. rated is c'.ivc.' ted to 
high voltage by poo or conditioning units arid used to drive the r.crcury 


5 or ‘ ! . :• a . vers. 


/•• with 


to 


1. ■" 


1 . 

2 . 

3. 

A. 

5. 

6 . 

7. 

8 . 


A typical r.. is si on 3 /ofile t.va.ld ho a : folio..’.,: 

Launch shuttle to parking orbit. 

Deploy expendable chemical space tup to rendezvous. 
Launch shuttle “2 to orbit. 

Deploy NifaSTAR and attached waste package to rendezvous. 
Dock NLt.'ST Alv to cdioticai tug c.id remove .shields. 

Shuttle t : 2 recovers shields and returns to Larth. 

Cher. i cal t;i >; powers payload to worth etc. 're. 

ion prep il.-jon powers t I cc cl to ’.Ir-.-ct sola * < 


Figure S.9 shows the KEKSTAR package in the shuttle payload bay. The 
actinide payload permission is estimated to be about 4 Mg, as listed on 
Table 5.5. 
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Figure 5.9 

XCWSTAR :.V SHUTTLE PAYLOAD BAY 
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However, it is not possible to. directly compare the number of required 
NEWSTAR launches with the previous results of the NASA-Hyland Study. Under 
the assumptions made in the NASA- Bums i-eport, a rather large power density 
of 0.1 kw/kg is required' for powering the thermionic diodes. As shown in 
Table 5.6, this power density is not available at present. 99.5% recovery 
efficiency for urar.iua and plutonium, and better reprocessing efficiency 
would be required. 

The use of retrievable shields as suggested for the NEKS7AR vehicle 
could also be used for an all* chord cal tug, and would markedly increase the 
payload of the vehicle. However, the NEWSTAR design, unlike the NASA-Hyland 

package, is not ci'T'-uo o'* :m* i nr '.sis ted l.ollrstjc to o- so " c-.y.-'i't 

bvr.iat in s •; C t. rci? of low t! e- •H condo . >vi“y. ; .-th.-nutve, the requh 


jnpro.-c. o:!’ 5 J.J 


c • 


the next few decades. For these reasons, the NEKS BAR idea must be treated 

as an interesting, but still quite hypothetical, method for space disposal. 


The Role Played by 


244 


Cm 


In both the Hyland and the Burns studies, curium plays a central role. 
The primary source of both alpln radiation and hau. in partitioned high-level 
wastes is 244 0. . In the Burns study, this heat is necessary for driving 
the propulsion system.. In the Hyland rb. dy, it is respon.-.ibl- nee only for 
a great deal of the mass of the encapsulation package, but is also the major 

N 

determining factor in the entire package design. The containment sphere 

is sized so as to produce a favorable ratio of package surface to volume to 

ensure that the heat generated can be effectively dissipated, let, there is 

244 

no documentation presently available that indicates that the levels of Cm 
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NEWSTAR WEIGHT SUMMARY (kg) 


Subsystems scaled for K El, 'STAR 


822 

. Propulsion 

253.8 


. Communications • 

55.4 


. Command computer /data handling 

32.6 


. Guidance and navigation 

32.3 


. Power storage and distribution 

270.0 


. Reaction control 

23. S 


. Propellant system 

154.3 


NEWSTAR unique systems 


3,653 

. PC modules 

861 


. Thermionic, convertors 

1 /:> 


. High temperature radial or 

592 


. Actinide packaging (includes he; 

at 793 


pipes) 



. Structure 

<!5 0 


. Yhc-iV’U h ‘•’dil-jc;'. 

o ;» s 


. Miscellane n.', 

t-3 


JLb p.'I". ':V. 1. :r. _ i . 

477 


i ro^uilaut (j a • •■ecu, 1 on out , t 


6,.:,o 

Actinide Waste 

- 

4,140 

NEWSTAR initiiu weight 


14,900 

Removal shield 


4,772 

. Polyethylene 

78y 


. Attitude control kit 

25 


. J am alum 

3,958 


Ascent Cooling 


3,1.00 

. Water 

2,100 


. Tank, liner,, etc. 

1 ,000 


Cocoon 


2,275 

Attachments 


1,500 

ORIGINAB 
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Shuttle contingency Of] ?00R DUALITY 

2,677 

TOTAL 


29,224 a 

Shuttle capability for launch from Cape Kennedy AZ = 

108°. 

r ~ r - __ 
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ACTIN'! PC HiERMAL POWER FOR WASTES rRQ v ICC -PAY 
in-ois: 3CMN (th) /Mg , 33,000 M’-'u ,T 


REPROCESSING CF SPENT FUEL, fATTS/GRAM 
•7. produces excluded) 


yea: .S p.TCM 
REPROCESSING 


LWR-U 

9 9. 5% removal 

OP U.PU 



LNR-U 

SS.P'v REMOVAL 
ON U,PU 


PU RECYCLE* 
99. S% REMOVAL 
OF U.PU 


0 

0.13 

( * , -* 

1.05 

0.9S 

5 

0.014 

^ •* i 

C .122 

0.24 

10 

0.012 

"V » 

0.10 

0.20 


Aver" ; c v.astc mix, 11% MOX fuel, 89% c: 


■',> urn iUCJ 


O O 
*3 to 

•O O 

§ ? 


JO 

f esg 

o 

tei 

£3 


\ 


Vl 

: J 
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projected for future high-level wastes will be reached. Pres ant wastes are 
almost certain to contain far scalier proportions than were calculated cm 

the basis of 33,000 5£td(thjHg in Chapter 3. 

The difficulty with the projections is that alsost all waste manage- 
ment documents put forth by the AEC and ERDA have based their figures on 


the CRIGB; runs for node • Diablo Canyon reference fuel burned to 33,000 

For the Ufp.-U fuel cycle, the production of 244Cs is 3 high- 

order process,** as six separate neutron captures Bust occur for 23S 1J 

to be 

244 

converted ultimately to £a. The production rate of curiua is thus verv 
sensitive both to fuel bum and to total burr, ip tiises. If the neutron flux 

is smaller than specified, or if the fuel is rot given a full 1 100 -day bum, 

' -1 

tlic quantities of * Cm produced will be considerably scalier than those we 


Figure 5.10 plots the production and ut 


l / for a Rjrsber of the actinidt 


according to the output of the CRIG0N code. The assumptions are: a geosetry 

and fuel management schedule (placement in the core, etc.) similar to that 
planned for the Diablo Canyon reactor; a neutron flux of 2.92 x 10 
neutrons/ca^-sec; 3.5%, enriched uranium fuel; a power density of 30 MW(th)/Jlg 
of heavy metal. Actinide quantities are plotted as a function of operating 
time up to a full burn of 1100 days, corresponding to a bumup of 
53,000 lfi»d(th)/Mg. Because the production of curium is a high-order process, 
it accumulates very slowly at first, building up only at the end of the burn. 

*2 A A 

As the rate of production of Cm is rising very rapidly at the end 
of the bum period, the actual quantities of this isotope present in the 
high-level wastes will be very sensitive to operating practice. We do 
not have the resources in this study to examine the effect of reducing 
the reactor power below the stated rating, of changes in core geometry, 

page b 
^ poor quality 
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or of design. These would markedly affect the euriusa production, as well 
as that of other transuranics. Kc therefore restrict ourselves to consider- 
ing only the effects of operating practices and fuel management insof- 
ar they affect the residence time of the fuel iu the core, stipulating 
full power uninterrupted operation. 

It is clear from Fig. S.10 that a factor of three reduction in the 
2A 4 

amount of Ca produced can be obtained merely by removing the fuel at 
80% of its stipulated rating. This would still give a very good bunrup of 
26,400 K7d(th)/Mg. It has in fact been suggested to us that ratings in the 
vicinity of 25,000 M'»*<d(th)/Mg would be acre realistic over the next few. 

decades than current EHDA figures, it is certainly doubtful that any of the 
snent fuel i-./cs^nt J ••• in s .rage c. tc. be eileble in the near future will 


i-ven cose cir-. 


vU? > C2]MC H v* i --.C-bC." 


and refueling procedures, wc expect that little of the spent fuel will have 
been burned to even 20,000 IBVd (th)/Ilg. 

Tims, even if the 0RIGF.M code is a good predictor of the rate of 
isotope production in current reactors, we believe that there is very little 
in present spent fuel. Actual fractional inventories Bay be as 

low as 5-10% of the ratios used in the Hyland or Bums studies. 

If this is the case, the analyses presented in the two NASA studies to 
date --iust be altered to take into account this very significant differ;- -.ce 
in the properties of the high-level wastes. The continued assumption that 
the burnup figure of 33,000 Mi»d(th)/Mg is correct is more than "just" a 
serious error in computing waste characteristics. For if the spent fuel 
does and will have an appreciably lower q Cm content than has been 
specified, the NEKSTAR vehicle proposed in the Burns study will never be 
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Figure 5.10 

ORIGEN - DIABLO CANYON' LKR-U ISOTOPE PRODUCTION: 
30 llw^/tonne 



Source: ORIGEN - Diablo Canyon LWR-U 
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able to operate, and the cost figures and numbers of missions required 
quoted in the NASA-Hyland study are at least a factor of two too high. If 

this is so. then the projections for missions rn^de in Case 3, as shown in 
Fig. S.6, are actually appropriate as an upper hound for Case 2b instead, 
without the necessity for the development and installation of curiuss extra; 
tion procedures. 


Even if we do sunposc that the 


\’n production is at or above the 


level specified by the full burn of 55,000 i-Hvd (th) /Mg , the existence oi 


the NHis'STAR lie; 


ifc c C: 


5 acre 


is assumed in the 


BKtfL-1900 study. The decay of curium produces plutonium, and it would 


sense u 


me otne-i 


ns’Jra::; cs in space and it 


behind. In an ext ar.5 


of the arrif.ents cade in Chapter , space 


UJ SpOSUi tit S i 


ac 


c 4 U —I- vh t A \ r ti :t- r -U-. 


curium production were as high as is stated. On the other hand, v;t* have 

shown that projected Lh'R-U wastes will not have enough thenaal power to 
run FBtSTAR given reasonable assumptions about the efficiency of repro- 
cessing. If the curium were separated, the separated fraction would be a 
marvelous source for powering a NEW STAR. Owing to the very high thermal 
power of this fraction, it would be possible to fit the waste package with 
a full set of ballistic re-entry shields and thermally sink it so that even 
burial in soft soil would not cause difficulties. Looking at the mass ratios 
quoted for the transuranics, curium accounts for less than 1% (assuring 
99.5% efficiency in removal of uranium and plutonium during reprocessing). 
This would require very few NBtSTAR shots. An interesting proposal might 
then be to dispose of the rest of the actinides via passive packages ac- 
cording to the method described in the NASA-Hyland study, but with a very 
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much increased actinide payload wing to the removal of curium. This _ _ 
could be instituted as a fairly routine procedure. The far more expensive 

and possibly more hazardous NEWSTAR launches would be very infrequent — about 
one for every one hundred conventional launches— and far more elaborate 
safety checks, monitoring, aid control could be instituted. The conventional 

package launches would take place at the frequency specified by cur 


estimates of Case 3 oa Fig. 

about one per year by 2010. 


Space Disposal in the Context c: 
Complete Fuel Cycle Ftenageg e nt. 

Froia the preci-Jinji di : --«s 

it is clear that 


^ U. 


’-j ^ ' ’ 




tdd-ou accessory to the nuclear 
Lr c.ltcjcut ed if the other parts 


of the cycle are independently optimized and managed, for that will result 
in decisions that would totally preclude space operations at any reasonably 
achievable level even if they were held to be the most desirable method 
for the disposal of the wastes. 

For instance, let us consider the curium problem once more. The 
pursuit of the full l'ated fuel burnup of 53,000 fP.Vd (th) /Mg is never 
questioned as a desirable goal in literature relating to reactor operation 
or to the fuel cycle in general. Higher burns would use the fuel more. 

efficiently and produce smaller total quantities of waste per unit of 
electricity generated. From both the technical and resource standpoint, 
then, ever-increasing fuel burns would appear to be highly desirable. 
However, the overall reduction in ore requirements and mass and volume 
of spent fuel is achieved at the expense of quantitatively greater 
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production of the higher actinides such as americium, cur iura , californium, 
etc. This would have major effects on the operation of any waste manage- 
ment strategy that requires the partitioning -of the actinides. Although 
plutonium is the nuclide that produces the most concern over the long term, 
it is this transplutonic elements that present the most problems for operation 
of the disposal system 

However, as we have pointed out, the ,r bacfc-end* ? of the fuel cycle- - 
reprocessing , recycle, and most especially waste management --rhave not 
received due consideration in operational planning or reactor design and- 
operation. If great concern for operational efficiency, operator conven- 
ience, stud -maximum -use of available enrichment capacity arc allowed to 
dominate fuel cycle planning, t v - c trend to ever higher fuel burns will 
uadsubmbly cc-ntituo. fwib.tv sorb. tir.e the *t'*cs of doling 

with high-level wastes. 

Even the advent of reprocessing and the associated attention being 
paid to it and to Pu recycle will not change this. The rcprocessors are 
interested primarily in the least costly method of meeting the forthcoming 
regulatory requirements for waste management . They will most probably 
choose some form of vitrification for the high-level wastes and thus prevent 
any possibility of partitioning, at least for the wastes to be produced 
in the foreseeable future. 

There would appear to be little let ---.'age that cor'd be ox. i :.cd upon 

these conditions even by a demonstrably operable space disposal system. 

What would be required would he a social and political decision that space 
disposal was the most desirable and efficacious method of el iminating the 
long-term problem of high-level nuclear wastes, and a determination to 






manage the rest of the fuel cycle to facilitate this. Hiat arch a decision 
would be made is not entirely impossible, albeit un libel y. But it is not prob- 
able in the immediate future. Nevertheless, it would be remiss not to go throng 
the exercise of examining the impacts of a possible space disposal program so 
that those making the decision will at least be informed as to whether it 
should be considered at all. 


Can Space Disposal Deal with the No- Growth. Cess? 


In Chapter 3, we raised the Question of Case F, a commitment to 
bring nuclear power to a complete halt as soon as practicable, and the 


possibility that soa.ee disco-: 
for removing the wastes prefe 
qxiest ion then is to v.v:?t cm e 


j ko- 


t ] d ! v- CViO of the methods 

X " * ; ~r* — ; ’ ' \ 

'ace d ! ’ ’"fflt be V-S: 


• iL OV 


case. 


The spent fuel even for Case F will amount to about 2500Mg/yr. As 
the specific power of the spent fuel will not uc adequate for the NEV.'STAR 
type of vehicle, we must assume passive disposal would be used. The high 
activity of spent fuel, however, would not allox-; payloads to be much in- 
creased over those shown on Table 5.2. Hie enormous number of missions 
involved would not allow disposal of undifferentiated, unprocessed spent 
fuel even in this r. in Inal growth case. 

As in Chapter 3 > we may then assume that the spent fuel is reprocessed 
■ primarily to facilitate waste disposal, but that only the U is extracted for 

i : 

nRlOtNAk PAGB fij recycle and further use. All of the Pu is then allowed to follow the other 

fL. brvop qUALFHJ 

f ,r r j actinides into the high-level wastes. Tliis is not altogether unreasonable, 

as it is the separation of Pu from the other components that raises the 

greatest concern over theft or diversion of materials. As the net mass of 
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Pu is still small compared to the other products in the waste, and as the 

• 1 ; . ' .7 . 4 

Pu contributes little of the activity or thermal power, the packaging and 

=r *- 

operational conditions would be nearly the same as for the cases previously 
discussed. 


The major difference , then, would he in the scope of the operation. 

Fox the industry sice predicated by Case F, as shown on Fig. 3. 4 . less 
than 3000 Kg of r epic cessing capacity would b'e necessary. The total amount 
of jiigh- level wastes produced, al lowing for the increase in Pu, would cane 


to about 200-250 Mg/yr, which would still require between 500 and 100C 
missions (depending on the packaging), or 1000-2000 shuttle launches 

annually to dispose of tho total high-level wastes. 


Th 
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necessary to go to jxcrt.itior.ing to iw'-.—o the nur.be ?' of shots. Assessing a 

reprocessing efficiency of 99.5% for U, the asymptotic operational levels 
would be; 

80 missions/yr (160 launches) for Case 2a packaging; (1% fission products) 

50 missions/yr (100 launches) for Case 2b packaging; (0.1% fission product 

• 20 missions/yr ( 40 launches) for Case 2b if there is little or no curium. 

Peak levels would be reached around the year 2000 to reduce backlogs of spent 

fuel, ar.d would be at levels 50% above those listed. 


The Inpact of Plutonium Recycle 

Although we have held ourselves to examining only an LKR-U economy, 
the discussion of the curium problem requires that the impact of going to 
plutonium fuel be considered. This is one example of a policy decision that 
would have a profound impact on a potential space disposal program. The 
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difference between the equilibrium waste output of a reactor economy using 
only'urabitca and that with the GESMO plutonium recycle condition's has 
already been noted* 

In the GESMO and related documents it is usually stated that, although 
the wastes from the burning of ,MOX fuel will have considerably higher heat 
output and alpha activity than those from uranium fuel, mixing them back in 


with the other wastes will result in only a small upward adjustment in the 


thermal power and radioactivity of the overall high-level wastes. But even 

warn the mixing, the overall mount of nmcricum, curium, and plutonium in the 
wastes will be much higher than for an all uranium cycle. This is particularly 
true for curium. The uranium cycle starts with no isotope having a higher 
mass than "U. The production of 'Cm is then a sixth-order neutron capture 

process. In the equ? 1 ihvi u~ MGX cycle, rocye'e fuel will contain an oppre-rirb 

v.-iy ir, 1 a 4/ 

fraction 0 / " ' ' Iti and so‘.uC Pu as well. Thus, production of "Cm is roughly 

a fourth-order process/ 1 and the MQX spent fuel will contain about 50 tines 

as much as uranium fuel. 

In terms of waste management policy, Pu recycle may be discussed thus . 

The nature of the space option is such that a choice to go to space is 

unlikely to be made independent of other choices about the fuel cycle. 

If the method discussed in the Hyland study is the usable option, then 

24 / 

every consideration will have to be given to reducing the amount of *On 
in the wastes, either by reducing the power density of the total burr.v;'. 

of the fuel. However, reprocessing is a necessary precondition for even 
genei'ating the high-level wastes, and this results in the separation of 
plutonium. Should this lead to a decision to recycle the plutonium in order 



to decrease the amount of enrichment capacity needed or because of real or 

4 ' : % . * v - * - Tj . ** > - 

feared shortages of uranium ores, then this decision would preempt any 
further attempts to manipulate the fuel cycle on behalf of space disposal. 
As shown in Table 3,10,. the relatively small amount of MOX fuel would 
completely swamp any effects that management of enriched uranium fuel would 

s ' - 

have on the production of curium, 

If NEW5TAR were to prove practicable, the situation would, of course, 
be different. The large amounts of curium present would not only be 


desirable, but necessary to obtain partitioned actinide wastes with high 
enough thermal power densities to run the thermal -ion propulsion system 

without also having to increase tha efficiency of reprocessing plants by 
an order of magnitude or more . 


Why Vve Cho os e 10, 100, and 1000 Sbots/Yenr to Study 

Past studies*’ ** have attempted to accurately predict both the 
size and character of the nuclear industry, the development and installation 
of commercially feasible technologies, and the rate of potential development 
of such processes as partitioning in order to project the scope of a hypo- 
thetical space disposal program. We have a more modest view of our predictive 
abilities. As we are not attempting to estimate operational costs, but 
social, resource, and p'djcy requireme is and impacts of a petes- U.1 f p:.te 
disposal program, it is also of less significance for the purposes of this 


study that predictions be precise. What we do need to estimate is the rough 
scope of the program. Yet, our predictive abilities do not suffice even to 
guess within a factor of two or three. As a result, we have chosen three 
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differently sized programs to examine; one very small, one very large, and 
one about the size of that predicted by the Hyland study as corrected by 
our Own projections of the size of the nuclear industry. 


10 launches annually by the year 2000 

The smallest program we have chosen to consider represents only a 
fraction of the planned available shuttle launch caps biiity by the year 
2000. As such, wc expect that it would not have a major impact on manu- 
facturing or operational capacities, or strain IfASA’s reserves 5r. any 

way. 

This case could arise from a nuubc-r of ci-vu.astcr.ccs . 71; '* advent of 

NBVSTAR or some siiai?r.r program that mal.es the act in id r payload <n apprcci - 
able fraction of she lift c«?ri..ity o,' the shuttle von Id r.olu ft require::;; nr i 

down to this^ number of launches. Or, as lias been suggested elsewhere, space 

disposal might be considered too expensive or risky for a full-scale disposal 

program, but would be used to get rid of a few particularly' troublesome 

129 

and long-lived isotopes such as *1. In the latter case, the small number 
of annual launches required would instill, confidence in the ability to 
closely check and monitor the disposal flights, and even to provide a back-up 
system to deal with potential aborts. Cost would net bo a major factor for 
this type of mission. 


100 launches annually by the year 2000 

TJiis program, intermediate in size for this study, is somewhat smaller 
than that predicted by BNWL-1900 for implementation Of a system similar to 
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that proposed in the NASA-Hyland study. It would, however, be correctly 

Sized for the nuclear industry projections made in this report if the 

fuel cycle were managed in such a way as to minimize the production of 
544 . 

v Ga, as the payload per shot would be increased by a factor of two or 
three over that used for the BNWt-1900 projections. 

>-Clea*iy» iuis A $ize . j&'ogr.aa would, no longer he a sub-operation of the 
^prjojee V ci lie progran, but would require considerable expui.-n on of 

manufacturing, operational, and launch capabilities. 


1000 launches annually by the year 2000 

The only way to describe this is an enbrsoas program,, one th * would 
strain not only NAS A. Vs, but the nation's resources as won. However, this 
•is the size, of .operation that would be required if the decision west 

to recycle plutonium And still use space disposal to remove the long-lived 
alpha -emitting actinides permanently from the planet. It is also closer in 
size to our estimates of the scope of an unmodified program such as that 
suggested in the Hyland study if the fuel cycle were not managed to keep 
curium production low. 

For this case, many launch sites would be required in addition to 
Cape Kennedy, and a whole new operational system would have to be devised 
just to manage orbital traffic. It is most probable that this would be 
beyond the scope of NASA to manage, and either an industry or a new agency 

would have to take over responsibility for the program. 
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CHAPTER 6 


fiHAT IS KEEPSD TO MAKE THE PROGRAM A REALITY: 


rssojKce. m\ ^cement and institutional reouj .sms-nts 



V. ... . 




establish an actual space disposal program. In particular, NASA and its 
contractors would need these inputs: 

— The necessary technological sophistication. 


— The necessary resources, including materials such as appropriate 

mater' als to build tat shuttles, fuel to fly them, construction 
facilities to manufacture the equipment, skilled personnel, end 


adequate capital. 

--F'ror _r \ i ) to ever; .a my rc.-jvco logistics ; . 

and thus to ensure that the program has the resources it needs, 
(2) to use these resources to build the program, and (3) to run 
program operations. 
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— The necessary institutional arrangements,, in effect, legal and 
practical "permission" to acquire resources and then go ahead 
with the program. Note that in the case of space disposal , 
"permission" to establish the program is needed from foreign 
governments, as well as from U.S. agencies and such non-govem- 
jaent institutions as labor unions and aerospace corporations. 


Chapter 4 and 5 have already discussed the technology needed for 

space disposal. This chapter discusses the basic resources, management 
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based space disposal program. 
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would affect the overall feasibility of developing a given sized 
program within a. given amount of time. We also discuss some of the 
management strategies and institutional arrangements that might be 

needed to cope with such bottlenecks. 

Such an analysis also enables one to identify the important policy 

questions that NASA decision-makers will face if they wish to establish 
?. full-scale space disposal program- -poli cy questions regarding resource 
acquisition, especially financing; special management issues, such ns 

the advisability of new personnel training programs; and the content 
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of institutional arrangements on such features as liability, relations 
between NASA and other agencies, and between NASA and other countries. 

As a preface to our discussion we shall reiterate two obvious points. 
First, waste management programs, like all human activiites, involve 
both technical hardware and human organization. Shortcomings in either 
will affect how well a program is established and operated. Thus in 
analyzing proposals for the disposing of radio active waste in extra- 
terrestrial space at least as much attention should Ik paid to management 
and institutional considerations as to technical ones. 

Second, any waste management program will become quite large as the 
program "goes to scale", i.e. changes from a program which is a small, 
essentially R&D-oriented unit, to a large, full-scale operational program; 
its character changes profoundly. The two types of projects are very 
different, not only in quantitative terms of size, cost, and so forth 
but also in qualitative terms. They require quite different managerial 
and institutional approaches. 

As a project "goes to scale" at least two types of changes occur, and 
special management and institutional problems are associated with each. 

As the project grows and expands — the quantitative 'aspect of going to 
scale— problems are generally ones of logistics. Resource "bottlenecks" 
can threaten to limit or slow down the growth of the project. As growth 
continues, the project also "goes to routine," i.e., these processes 
which were once informally carried out became standardized, documented 
and routinized. This results in part from increasing demands on the 
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program: that it move away from an R$D orientation, to one emphasizing 

smooth, efficient performance on a large scale. At the same time, 
the "personality” of the program also changes. It goes from a small, 
exciting project full of highly qualified, highly motivated people to one 
of more routine , ev . boring operations, where diligence and competence 
may decline. 

Resources Required to Make a Shuttle- Based Space Disposal Program a 
a Reality: at Varied Levels of Required Numbers of Launches . 

Since one cannot predict just how large an actual space disposal 
program might become, we have decided to use three "scenarios,” intro- 
duced in Chapter 5, to illustrate what forms a shuttle-based program for 
sending the wastes out of the solar system might take. The scenarios 
differ primarily in the number of launches required each year by the year 
2000: 10, 100, and 1,000 launches per year. This chapter attempts 

rough, preliminary estimates of what resources each of the three launch 
levels would require. It is clear that those areas where our numbers 
are most skimpy would be prime subjects for further research on the space 
disposal idea. 

Total payload assumptions . Based on the discussion of Chapter 5 
above and on the BNWL-1900 report the following summary figures were 
used as a base line for the analysis in this chapter. If 99.0% of the 
fission products in the radioactive wastes are removed, leaving only 
1% fission products in the transuranics , then about 115 kg. of trans- 


uranics would be disposed of per space "mission”: however, each 
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••mission" requires two shuttle launches for its completion — one to lift 
the payload and the other other to lift the special "upper stage" rocket 
needed to send the payload on its journey out of the solar system. If 
99.9% of the fission products were removed, then about 200 kg. of trans- 
u ranics would be disposed in each two launch mission. Thus the various 
"launch level scenarios" would dispose of the following amounts of waste 
per year; 


99.0% FP out 
99.9% FP out 



Shuttle equipment needed . NASA estimates that a given shuttle oibiter 

1 

could be re-launched every two weeks (or 25 flights per year). At this 
rate of re-use, the various space disposal scenarios would require the 
following numbers of orbiters for regular use with additional orbiters 
to back-up machines. 

— 10 LPY (launches per year): 0.4 of one oibiter' s time. 

— 100 LPY: 4 oibitters required full-time 
— 1000 LPY: 40 orbiters required full-time 

NASA anticipates that an oibiter will be able to fly 100 times before 

needing a major overhaul (4 years of operation, if it makes 25 flights a 

year. With an overhaul every 100 flights, the agency estimates that 

2 

an orbiter can last 500 flights altogether. Thus the waste disposal 
life time of an orbital design exclusively to this mission would be for 
the three scenarios, 50, 20 and 20 years, respectively. 
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Other shuttle equipment would have to be replaced more often that 
orbiters. The solid fuel boosters (two needed for each flight) can be 
re coved and refurbished; but after being used some 20 times, they have 
to be discarded. And the external fuel tanks last only one flight. 

The "up per stages’ 1 (space tugs) used to end the waste packages 
into deep space can be either reusable versions or expendable ones; it is 
presently unclear how many times a reusable tug could be used., 

Ground facilities needed . If each orbiter is being re-launched every 
two weeks, generally one assembly facility and launch pad is needed for 
every two orbiters. This is because it takes one week (160 hours) to 
assemble and launch a given shuttle, meaning that only two can be launched 
from a given facility during a given two week period. This would mean 
that for the three scenarios, 1, 2 and 20 sets of assembly facilities 
and launch pads respectively would be needed each year for waste disposal. 
It should be noted that it takes about four years to build a new launch 
facility. 3 

Resource Requirements With Associated Bottlenecks in 
Acquiring These Resources For the Scenarios 

At the various levels of effort outlined above, what resources 
would be needed, and what logistics problems with the U.S. sight be 
encountered? Extraordinary resources needed would be negligible for the 
10 launches per year scenario because that program could be included 
easily into the presently-planned regular shuttle program. Therefore, 
our attention here is on the 100 and 1000 launches a year options. 
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Problems of Orbiter Supply 

Orbiters require about 30 months to build. At present two orbiters 

are under construction at Rockwell International's facilities at Palmdale, 

4 

Southern California. Thus, to provide the 4 orbiters required for the 
100 launches a year program say, within five years from the start of the 
space disposal program, two space disposal orbiters plus at least one 
back-up orbiter would have lo be under construction early in that period. 
Adding this additional production to the present construction rate of 
two orbiters at a time thus would mean more than doubling this present 
production. For the 1000 launches a year scenario, 40 new regular orbiters 
with perhaps another 5 back-up machines would be needed; to have them 
all in five years, i.e., deliver an average of 9 a year, 22 space disposal 
orbiters would have to be under construction at any given time. 22 space 
disposal orbiters plus 2 non-space disposal orbiters means 24 under construe 
tion at a given time, 12 times tl»e present rate. If those 45 orbiters were 
wanted in 10 years, then 11 plus 2 would be under construction — roughly 
6 times the present rate. In short, roughly 2 to 12 times as many resources 
materials, construction facilities, personnel — would be needed, though of 
course increased orbiter production would bring some economies of scale. 

The obvious question here is how quickly such an expansion of pro- 
dection could be undertaken without extraordinary strain on supplies and 
the economy. At the highest launch level scenario, it is a question of 
whether there would be enough resources in the country to do this type 
of expansion at all. In short, would there be "bottlenecks: here, con- 
straints on expansion, and if s^, where? Since we were able neither to 
obtain specific data on what kinds of resources are involved in building 
orbiters and related shuttle equipment, nor estimate how easy or difficult 



it is to expand supplies of these resources, we can only make a few 
general conments. Most obviously, a 12 fold increase in shuttle production 
would be a massive undertaking, with many logistics problems. Furtherr\ore, 
these logistics problems could become politically important, since getting 
the resources would require special political action by the government . 
Finally, space disposal is a waste management option that is complex and 
requires large-scale equipment: thus it would be difficult to expand a 

space disposal system rapidly. • » 

More detailed analysis requires that a separation between the construc- 
tion and operational phases be emphasized. It is in the construction phase 
that a number o ^ important changes would take place which would introduce 
considerable strain on. economic and social patterns in the U.S. 

> 

Construction Phas e 

The construction phase of expanding space shuttle activities to 
accommodate a radioactive waste disposal mission involves problems concern- 
ing both the availability of materials as well as problems associated with 
per >onnel and the facilities themselves. Recent attention has been drawn 
to the types of material shortages that the U.S. aerospace industry currently 
is facing. 

** 

[The njational commitment to energy independence and the 
production requirement of some military programs such as 
the McDonnell Douglas F-15 and Rockwell International 
B-l are expected to lead to shortages of critical aluminum 
and steels, according to Commerce Department officials. ^ 

Special note must bo made of the effect of the Alaska oil pipeline 
and other planned pipelines, as well as increased construction in the rail- 
read industry, which increases the demand on material needed in the 
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aerospace industry. This is particularly crucial since the orbiter struc- 
ture is constructed primarily of uluminum, which is also used for such 
other shuttle components as the propellant tanks of the shuttle external 
tank. These material shortages could create serious "bottlenecks" in a 
large, growing space disposal program. 

In a recent review of the space shuttle program,^ there was an 
extensive discussion of the difficulties encountered in obtaining proper 
materials for the ceramic re-entry shield blocks. The nation's resource 
base for the pure materials needed was stretched to present limits, as 
were fabrication facilities adequate to the job. Even at present program 
levels, then, some resource constraints are being encountered. Similar 
problems in other resource areas are likely to appear if a rapid program 
expansion were undertaken. 

In a more detailed analysis, it would be useful to give decision-makers 

more information on what specific materials bottlenecks could affect 
each of the two larger scenarios. Data needed to provide this policy- 
relevant information--and data that should be gathered in any future 
research on the space disposal idea — include: types, quantities, and 

qualities of the materials needed to build the shuttle equipment and 
ground facilities, especially rare metal alloys; percentage of the present 
total U.S. supply of a given material that would be needed by a given 
annual launch level especially the drain on supply if a program of 1000 
launches per year were undertaken; important alternative uses for these 
materia - , such as in the production of civilian and military aircraft; 
and technical and political difficulties in increasing the supplies of 
important but rare space shuttle related materials. It is obvious that’ 
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heavy demand for materials could trigger unanticipated secondary effects 
such as those discussed in Parts III ar.d IV. 

Space shuttle construction facilities are also of signal concern. 

These facilities are essentially limited at present to the factories of 
Rockwell International and the other contractors and sab- contractors 
involved in constructing shuttle equipment and ground facilities. A 
central concern would be whether the U.S. aerospace industry could 
efficiently absorb a rapid expansion of space shuttle production. Specific 
information on this matter is nearly completely absent. Though it is 
likely that„there may be some excess 1960s-built aerospace production 


capacity available in the industry, its extent could not bn determined 
hv c.sir study team. 

Future analysis on the space disposal proposal wcul-i require 

following data: types and number of facilities needed to build shuttle- 

equipment, especially orbiters; specificities of needed facilities for each 
of the three scenarios; and how difficult and time-consuming it would 
be to expand present shuttle production, especially whether present idle 
capacity could be converted to shuttle work or whether whole new aerospace 
factories would be needed. 

Availability of construction personnel presents another set of 
potentially difficult problems. The present spr.ee shuttle program 

employs about 45,000 construction workers, a number expected to stay 

7 

fairly constant for the next several years. In estimating the manpower 
requirement for the three scenarios, however, it is not reasonable to 
extrapolate this figure for the construction of two orbiters to a single 
linear project of some 500,000 workers working on some 24 orbiters 
necessary for the largest scale scenario. First, some economies of scale in 
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production should be realized. Second, many of the present workers are 
designers and RfiD specialists who should not be needed through the entire 
lifetime of a long-term, large-scale space shuttle production schedule. 
Still, a rapid or moderately paced expansion of shuttle production would . 
require significant new numbers of personnel, including new engineers 
and increased numbers of presently rare specialty technicians, such as 
titanium welders. Sine- it often takes considerable time to train such 
skilled personnel, shortages of some type of workers would likely be a 
major bottleneck to a large, fairly rapid expansion of a shuttle-based 
space disposal program. Due to the extensive trailing to* produce high 
quality aerospace engineers and technicians, shortages of these types 
of personnel could delay a large-scale space disposal program for years and 
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analysis of the space disposal option. t Specifically, further analyses 

should be done on types and numbers of personnel needed to construct 
the shuttle hardware for a given space disposal scenario, the. present 
total U.S. numbers of these types of personnel, how much time and money 
is involved in training additional personnel, and where the most critical 

bottlenecks are in the personnel picture. 


Res ources For Oper a tions an d Mu inter, once . 

Once a space disposal program, is built, it must be operated and main- 
tained. Resources needed for operation are likely to pose substantially 
different problems from those prompted by the construction phase. Of 
course the magnitude of resources needed will vary according to the specif i 
scenario. 
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Expendable operating materials, especially fuel, will require 
special attention. Each shuttle launch requires 99,800 kg (220,000 lbs) 

D 

of liquid hydrogen and 603,300 kg (1,330,000 lbs) of liquid oxygen ; it 
also requires fuel for the solid fuel boosters. Serious obstacles 
to the rapid expansion to a large space disposal program would be 
present if it is difficult or very expensive to increase the production of 
liquid hydrogen and/or oxygen. Provision of spare parts for the shuttle 
orbiters, especially during overhauls also present such obstacles. 
Operating and maintenance personnel may be available from the pool of 


workers that would be employed in the construction of orbiters but 
this should be thorougly explored for there nay be insufficient trans 
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this number. Financing requirements present another potentially formida- 
ble problem. 


Capital . BNWL-1900 estimates the cost per flight of just a 
shuttle is about $10.5 million. However, every other flight in a space 
disposal program would include not just a shuttle orbiters but also a 
thix*d stage; the cost per flight of a shuttle/ reusable tug is about 
$12.5 million, shuttlc/expcndable third stage, about $16 million (1971 
dollars) . Thus a 1000 launches a yeo.r program woe’d cost so'.r.e $1 6 billion 
a year, in 1974 dollars ; given inflation and cost overruns, the actual 


price could be much higher. The reason for such high costs is, of course. 
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the large capital investment that shuttle hardware requires; for instance., 
a shuttle orbiter costs about $300 million. This financial requirement 
adds greatly to an economy already strained and forced with the prospect 
of huge capital outlays for energy production facilities. 

Policy questions associated wi t h the programs necessary to assure 
adequate resources . The fact that acquiring adequate resources might be 
a problem for 3 large, rapidly expanding space disposal program raises 
a major policy issue: what technical, management, and institutional 

steps could be taken to assure that, adequate supplies of these resources 
are available to the program? A brief discussion of some of these issues 
follows ale y. with ser; : pc..,. 5 r : c policy ones tiers likely to be faced ty 
M/J3A der^fi or:-mr.\crs 5r. deciding to go n-uw.d with space options. 


1'our things can be 


vo hc-ip OY'- -.'cow v a gap between ** k sepun.-s 


of resources available and the amounts needed by the program: The first 

would be to develop new ways technologically to increase the supply of 
rare materials and personnel. For example, new methods should be pursued 
to produce and machine needed alloys or ceramics more easily, more 
quickly, in greater quantities, and perhaps even at lower unit cost. 
Developing such new methods often requires new FhiD programs, which in 
turn acquire new management and institutional arrangements. Cne specific 
policy question raised here is what fields sbr-tl-: ;-;;y additional l’.SD be clone, 
that is, what arc the priorities in increasing the supp’y of needed 
resources? Second, new ways to cut the program's demand for particularly 
rare resources could be developed either by using more available substi- 
tutes or even technically eliminating the need for the resource altogether. 
For instance, if titanium welders appear to be in short supply, find a 

ORIGINAL PAGE IS 
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way to cut the number of welds needed per orbiter, or find a way to use , 
other, more available weldor". Additional R§D might be needed in this area. 
Third, increase the supply of resources available for the spare disposal 
program could be increased, and thus assured, by cutting the demand other 
programs have for these same types of j.esources. In practice, this would 
be difficult, though NAS \ decision-makers should consider the pc ssib.l 1 i', y 
of working out resource K^rc :r?az* wit!) other agencies and tv: pen . c ; 
using the sane materials. Finally, in the face of likely persistent shortages 
HA°-A could si:, .ply limit the program's ruU-- of ona^ion, cutting down cn 
its short-term demand for resources. An important policy questions is 
hew stuck Liu s stmt -gy ihould bo used, . • oppose 1 t r.-'rn ore c - ware 
cf tic eh- ■ th;:.; :crei-'ce si -.'tcgic . 

b. ow-e d-. has been v:.£.\ J Hole t o :s w..- Idle : - .. 

mendations on which resource strategies NASA should use .’a the case if 
space disposal, or what RfjD priorities it should set. Yet it is clear 
that for NASA decision' makers will likely be pressed to Keep there kinds 
of "technical ly" related policy questions in mind. 

Management-related aspcc ' of the resources picture also raise 
important policy questions. NASA and the aerospace industry arc ; _eady 
expert in the procurement of resources and their use in construction and 
eeprati ons. Vie shall simply re-in force three rnsjo.- points one.;; :crour'<. 
nanagema; t of special relevance to the space disposal idea. 

First, because of the unprecedented time span of the space disposal 
program (30+ years), NASA would need an unusually long-range resource 
planning capacity; it would need to identify long-term resource needs and 
then make recommendations to the rest of the program management concerning 
program expansion rates, procurement policies, and R£D priorities. The 
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The key policy questions here are on how to organize such a research 
planning capacity. 

Second, the manpower and personnel matters deserve special 
attention from NASA. The agency traditionally has left manpower develop- 
ment to the corporate and educational sectors. But at least some NASA 

planning and supervision of personnel would be needed in s. large space 
disposal program. Adequate nr. ft ; rs of skilled personnel would hav* to 

be assured. It is not clear that current reliance on corporate and/or 

educational sccto-s provide such assurance. Therefore, scarce 

rogra= funds may be needed 1 o help train the personnel in 

1 "T ; if’ ~ H - r. COTsl ddi r t .*,3':*b it ?%?* i r ilvl} "L I : r i. 


S|-dCf‘ dlSpvS^l 


c 


Third, a major manage sent issue is likely to emerge concerning 

whether NASA should E..nage a space disposal program directly by itself, 
including direct management cf resources, or whether the agency should 
turn part or all of the program over to a private contractor. NASA is 
traditionally an R? ; l» agency; directly taking on a major operational 
program would involve major changer, in both the. agency's lize, budgets, 
organization, and inter, :rl distribvlic-n of power and the ’’pc c- c:\ai icy" 
and official role of the ngency, io:l; as sera, nor. .be inside a. d the 
outside. 

The decision on whether or not to manage the program directly wvuld 


have significant political consequences ft NASA. Running the program 




Of; 
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directly gives the agency a degree of direct control it would not get 
with turning operations over to a contractor; yet it also means that 

NASA takes ail ti e political criticism were there to be a tsajor accident. 
Becoming a supervisor or regulator means that NASA takes only part of 
the criticisn were there to bo a major accident. Becoming a supervisor 

or regulator r c-ruis that NASA takes only part of the criticism for problems; 
the private contractor takes Lh-a rest. However, if contracting means are 
used, sore loss of control for NASA is likely to be added to increase 
cor -fusion over '.-•«> a centrals whet rncilitie; and how a contractor- run 
space disposal program fits in with a N ASA- ru . regular shuttle program 


v ; i= ‘ 


contractor, with its regulation to be carried cut by another government 

agency, such as the Federal Aviation Administration. This would take 
NASA off the rook for problems, but also means that, while it would lir.it 
NASA's role mainly to F.£D thus limiting its overall role and foregoing 
a strong rationale for increasing agency funding, it would reduce both 
external political pressure and avoid the internal stress a program of such 
magnitude would stimulate. 

Major institutions of cur so J. •;•;.>* such as fet'd a* :y<ji a.- A 
agencies, state governments, corporations, organised labor, organ i -.cv; 

religion, the educational "establishment," and foreign governments form 
significant sectors of NASA's environment. These institutions are large, 
long-lived, and powerful social groups. They are significant to NASA 
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because they are the sources of considerable pressures and/or incentives 
for agency operations. Some- -especi ally governmental agencies control 

NASA's purse strings, and set certain conditions on how the money is to 
be used. Others often play a major role in determining how well a program 
can or will perform, or, indeed, whether it will even exist at all. 

Labor unices can cripple NASA contractors. Congress can eliminate 


cutting off funds or withdrawing its author!: tson to 


c i-KC cr« 


.xtronaj 


mass ions. 

There ore a rom-.i'e; 


ot issues r* 




in the institutions! sn 


managements associated with space disposal c£ radioactive wastes. The 


space disposal program sad whet concessions the U.S. night grant 

to foreign powers in order to get their cooperation. Other chapters of 
this report discuss sc- c of these issues. Here we briefly note some of the 
institutional issues associated with the acquisition and use of resources. 

legal authority and fundin'* obviously is the initial reed. Funding 
nay be found either from private institutions such as banks or from the 
federal or state treasuries. Kuc tor progi sv.s such ; •» the rp?<'c disposal 
tion v.-hl ’■ v:iij be risky end c-.\p<-.ci\e, t./iva* o £v aiding is hi; vp. 
unlixely. Public licencing will be necessary and thus difficult issues 
of public policy arise. Should funding come directly from Congressional 
appropriations? If so, should the money be in the NASA budget or the FRDA 
budget? Or should some sort of trust fund be established, financed by 
levies on the users of nuclear-generated electricity? And if such levies 
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are used, how can they be designed to be just and equitable? Furthermore , 
what methods can be used to keep cost overruns down, and who should pay 

the bill if the program only partially works and is c ' called cr else 
supplemented with additional waste disposal programs? 

A space disposal program, however, will very likely need more than 


authority s:u coney 


jv f-e rcruuces. Soso of those rv-scjices 


will be 5r: such short supply \hct a rapidly expending program tay need 

some sort of "priority clain" on such materials, facilities, and personnel, 
thus depriving other v;o?rants of cch.qu'.te resources. Special j;;st 'tutional 
features then would be required to arrange such a set of priorities, some* 

thing xbi.ii t.- . r..riv.- : ; nd jivc-th;: r..h;; hu.ix. sr-.;‘ : c 


}•->. y q.. 


. ...i • 


would be. 


t- . t * 


NASA could not establish an entire space disposal program by itself. 

Clear considerable inter- agency relations would be included. If nothing 
else, NASA would have to cooperate with the. two main nuclear agencies, 

ERDA and the Nuclear Regulatory Commission. Special institutional arrange 
meats, including inter-agency agreements, would be needed to facilitate 
such toono ration. Numerous specific policy questions arise here concerning 
the i'orp of coqrr' h", r fh; nci. bet/.:-, n agerci s is arr- :u,-/ i , 
so forth. 


As these various types of resource, funding, and institutional issues 
are settled, chains of activities will be set in motion. Many will result 
in significant changes--second order cfforts--both within NASA and among 
existing governmental and industrial organizations and the experience of 
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individuals and conasunities into which the operational activities of the 
program are carried out. Before we tum to a discussion of the second 

order impact let us examine the character of the official government 
attitudes and public attitudes toward the program. This will afford us 
an advanced insight regarding the kind of reception secondary impacts 


receive 


the program is evaluated rnd/or implement rd. 
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unprecedented v.nys . Not only havt the Nuclear Regulatory Commission and 
the Energy Research and Development Administration increased theii interest 


in the area, bat they have been join -.i by the Environmental Protection 
Agency, the Council on Environmental Quality, the Office of Management and 
Budget, the Fedejal Energy Administration, and the Pr its tic Cc.«noi 1 . 
Radioactive waste has lost some of its noa-glaT.'oroUe character and become a 
h t issue. In this chapter, ue will er-nir- c. the political environ..^ cf 
vast ; Eanag> -nt, focussing first on the rodcr.-I bureaucracy and thr-n on 
outside stakeholders — including the nuclear industry and the nuclear critics. 
Their decision premises and constraints will be considered and assessed. 

A specific decision which has implications for the space disposal option, 
plutonium recycle, will be examined to show the problems that alternative 
for waste management faces in being adopted. 
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The dominant desire among all Federal agencies is to reduce the 
uncertainty which presently characterizes waste management policy. TTiis 

uncertainty stems first from ths lack of an adequate knowledge base to 
design tie technological core of a waste management system, While there 
appears ;o be a general sense of confidence in the offical positions 

of the F bureaucracy that such a systa-c. can he devised, no one is 

quite si:.'? bow to id-.-.tixy one when they see it r.or do they know bow 

to choos-s among a nuufcer of alternatives . Second, external political 

forces e- - increasing -r -.er.c.y u- *.-.*tainty. KneJeaT critics arc 
increasii gly focussing their attention on the so-called * ‘back -end” 
e ' 'he J-- f a. fu. ■ c)\.?c— n,- ;U Ja.rly c.n x Irloni?..- "?•}' lc an: 






:i .te," 


rare rosc-iracs kvIi be* devoted to developing fCviinicai critiques 

of agency actions and to preparing legal challenges to agency plans. Such 
behavior, of course, greatly destabilizes the political environment for the 
Federal agencies charged with developing and implementing waste management 
policy. 

The Federal bureaucracy feels tremendous pressure to resolve the preset 
uncertainty underlying waste : intren”i>t policy. The pressure is due partly 


to the i;r crs.inp r«-co:;iiiti.*n 


,\.st.o raraec cat f-s tne potontt. 


being on Achilles h i for the entire nuclerr prograr:. It is at so cue in part 

to the need to provide the nuclear industry with firm regulations required 
to design facilities for the back-end of the fuel cycle. 
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Given the uncertainties and the pressures to reduce them, it is hardly 
surprising that only a narrow range of technical alternatives for waste 

maruigeitejit is being pursued. The range is defined by two factors: Is the 

technology perceived as being virtually "one the shelf? Is the alternative 
•tost effective"? It is clear that those two variables dominate the thinking 


policy. 


Other factors 


gOSZt lore: . 


, of course, do play some role in formulating specific 
Both the Environmental Protection Agency and the 


President's Council on Environmental Quality are extremely concerned that 


or:;- waste EanugoLient proposal bo Ui 

n«bi’ .. • ii;i b. * . S . ' c- 2 ^ 


oct toward ultimate disposal of th:. 

'tl by ti two e yanj 


• -V -o j ■ -povv -t. - /. r: ui, 

EPA and CEQ both feel tli o t such ari outcome would he r.ost unfortunate. 

Until this last fiscal year, the Office of Management and Budget has 

not been lavish in its financial support for waste management programs . 
That behavior was due partly to their traditional approach to budgeting 
which held that if the agency itself does not seek more money, it is not 
the role of OMB to overwhelm the organization with largesse. Budget 
examiners at 0MB, recognizing that their past behavior night have been 
sh”"t. sighted , justify it by stguir.g if: t the iJ'Z itself never i euii) 
pushed them to provide more funds. Although both ERDA and ARC ‘nave 


recently received major increases in their budgets for waste management 
activities, the CMB norm of guarding the treasury against profligate 
agencies remains. All proposals arc given close scrutiny. 
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Two other Executive agencies. The Federal Energy Administration and 
the Domestic Council, have taken a recent interest in the development 
of waste management policy. They are primarily interested in quick 
implementation of some sort of a Systran. Neither is particularly sensi- 
tive to the positions of the nuclear critics. Both have emerge d as major 


Administration fc 


pushing the develorr 


nf in i r 




The Nuclear Regulatory Commission has the responsibility of licensing 

any sy-tcu which EKDA. develops for toe ultimate jme 4i i of inactive 
waste.. . *»'i thin the Office cf Nuclear Material Safety and Safeguards, waste 


t n ■ 




disciplines. Although their report Isas n.-t been tvj.de public; ft z-j.ul 


of their ideas have already been adopted by the Commission. Two signifi- 
cant passages presented in testimony before the Joint Committee on Atomic 
Energy in April, 1976, suggest the important shift in the way the Federal 
bureaucracy has conceptualized the problem of waste management. 

The decisions we make today regarding the management 
of nuclear wastes must provide protection cf the public 
far into the future. We cannot put off those decisions 
or actions to future generations or to unknown tech- 
nologies. Kc who ro-;.p the an rent benefits of nude ir 
power must tasux' or. : fuli.Ul respsnsibilitv for the 


effective handling of the pr.-hj r.-.v, of r.u: 


i r wastes 


Among the ingredients for the safe management cf nuclear 
wastes two that stand out are a trustworthy technology 
and a process for the timely implementation of that 


Of ?0® u 



technology. The KRC program is addressing both. Having 
the technology on the shelf is not enough. Criteria are 
required for selection of optimum technologies and for 
their operation. Organizations mufft carry out the tasks. 
And these organisations rust have commitment to follow 
through . 


Although ther* will be criteria advanced for dealing with the technological 

^ • 

core of the system, every indication .suggests that the forthcoming statement 


05. goals ana Oj jet ewes will rocus or 


'techriolcgical aspects, including the 


problem of error correction in the organizational infrastructure. The 
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-ess uie 


of 


1 1 CC X ? 1 0il m ? . 


ng with respect to waste 
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that the past 
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sk anr j1 yc5s have been too narrowly con- 
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of the debts which are articulated are: not limiting their future actions, 

not spreading our risks to them without concomitant benefits, not overiy 
limiting their resource base, and not imposing social systems iq.on them. 
Translated into design objectives for a waste management system, the need 

to fulfill responsibilities toward the future means that the system cannot 
depend on the continued eras fence of the commercial nuclear power system, that 


the establishment of the system carrot be deferred, and that id... system shall 
r^t require stability of social and govcr-'r.^ntcl institution:-; A..,- }' s. sec or ■ 

and continued operation. 

If the NRC has charted a new course in its waste management operation, F.RDA 
has continued along murh the same path taken by the AEC for the past 


w k** DUiura 



twenty years . In the Spring of 1975, the Division of Waste Management and 

Transportation was abolished and a new fuel cycle division — of which waste 

- - r ■ i , '■ ■ . : • . '• ' 

i4anage:::ent vas just one part --was created. The intent of that organizational 

change was to provide better integration of the various elements of the 
nuclear fuel cycle. As a result of that bureaucratic shift a new director 1 

tooh over responsibility for waste mars pe-*ent. ' 

Mis views corresponded quite closely to those, of his predecessor in 
all but one respect. The present director firmly believed it was foolish to 
place “all your eggs In one basket, “ Operationally that hss weant that ERa&, 
has cowsitted itself to examining a number r f possible sites for geological 
di 50053 1 of radioactive wastes. In nd.-Utli'.: to i.L. sell buds in ’;C" 






Moreover, ERDA has increased its funding of the so-called advanced 

concepts such as seabed disposal. That alternative, in fact, has attracted 
a growing number of supporters within b<DA who view it as a means c.f no, 
only solving the technological problem but of avoiding some of the potent 4 .’2 
political and organizational problems associated with land disposal of the 
wastes as well. 

Nevertheless, the overwhelming push of ERDA is still in tha same 
direction as the old Atomic Energy Corani scion. Efforts are being made to 
build and license a site in New Mexico’s salt beds. So intense has been 

the pressure to get on with those efforts that even the Interior Department 
which presently administers the area has objected to the haste with which 
the project has been carried out. The intent remains, however, to have a 
facility capable of accepting high level commercial waste by 1585. 
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These differences and nuances in the various agency positions on waste 

management policy should hot overshadow the great similarities in their \ ’ 
attitudes . As suggested above, they are all constrained by two factors j j-K 
' r ' Is the technology perceived as being 'on the shelf"? Is the alternative "cost 
mV effective"? As a result, there appears to be an almost single-minded 

g^: ; coar'lsent sineg^e federal bureaucracy to some Lom of geological disposal . 

■. .;... i 'y Tt*e space disposal^ option. is almost universally not taken very, seriously 
p, ; . -in Washington today... Too. only reason that cculd be discovered for its being 
discussed at all stems frc:?. vhnl t..’JS c have been a cast.,.} remark by fooer 
AEC Chairman James Schlesingcr. At a meeting just after the Lyons, Kansas 


project bad boon c7H c'ai y- /ha. 1 . 
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plan. That latter idea is still kicked around from time to time. Yet, 
having interviewed virtually all the people primarily involved in formulating 
waste management policy, no one was prepared to support the concept. They 
all pointed to its high cost and unproven technology as the reasons for 

their rejection. 

The only possible reason why these influentials might change their 
minds about the space alternative would be if there was a sudden increase 
in the responsibility this generation perceived it had for the welfare of 
future generations. Such a dramatic shift, however, could not originate 

in the bureaucracy. It would have to be initiated either in Congress or 

% 

in the Office of the President. Neither of those two branches of govern- 
ment show any signs of adopting such a novel attitude. In short, despite 
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the variety of emphasis and approach that is present in the Federal 
bureaucracy today, it seems unlikely that sufficient support for the space 

disposal option can be found. Absent of such support, the tremendous 

resources required to carry out the project will not be forthcoming. But 
if there is little support inside the government for the idea, is there 

enough outcd-’o to force a change? 

Oste outside stake holder is the nuclear industry, hi, lie there 

are some differences among utilities, vendors, and engineering firms on 

so rae side issues dealing with waste management, the nuclear industry has a 
fairly unified position on the major questions. Two considerations dominate- 


1 adus try's 


' V- * v<lC> £ 




t 


to r.iinlvitc the costs of nuclear power so the', that energy opt:' c:: i:- 

economically competitive with others. 

Historically, the -industry has often objected to additional regulatory 
requirements for waste management. There was, for example, substantial 
opposition to the adoption of Appendix F to 10CFR50 which required that 

high level wastes be solidified and transported to a Federal repository. 
Industry vehemently objects to the proposed regulation which limits the 
amount of trcnsuvanic center .inatien of materials buried in c ar- ret 3 
,jLe ittuiag.-r.ent facilities to 10 nruociirios ]>:■■< gra: . . It hr.s .. S;, h-: .o\ ; , 

fought the idea of a Federally operated peimanent disposal facility. 


ORIGINAL PAGE IS 
0£ POOR QUALITY 



From these historical positions, we can infer the industry's response 


to the space option. We would expect the.?, to be largely opposed becaus 
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cycle suostrjitially, i.e., there would have to be partitioning of the 
high level waste stress and there could not be any plutonium reeve’ e. Such 
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of the nuclear critics. There are major differences among these. But 
on the c issue the; e 5 r corssdcrr’-lc cgner . Thu leading force <.-;i waste 
management is the Katural Resoruces defense Council. Tneir position is 
that it is risky and - ’logical to proceed with the development o? n n i ear 


.-owe. u : . i . .here tre y ; .. 


LC. Ci was 
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million years. Other critics range to an extreme position colored by their 
partisan opposition to nuclear power. If they were to concede that any 
technological alternative might, in fact, be viable, they would lose a stron 
amging point in favor of their position. 



It is hard to 'predict just what position the nuclear critics would - 
adopt toward the space disposal option.. On the one hand, they might be . 

extremely skeptical about claims Bade For the system’s technological 

reliability. On the other, they would probably approve of the total . 

v • ; " 4 

removal of the material from' the earth if' a reliable system could be 

demonstrated . 

It seems clear, however, .that no overwhelming groundswell of support 

for the space disposal option exists today either inside or outside of the 

* ' . - ‘ I 

government. The space alternative is perceived as just being practical 

%£ this tine. ‘ 

OhslF-.c les for tl;s space opti:« s ,:c not Vi mi ice- to 

1 ■ k of : : r; avong ir.r? . " ■*. dr-cision r/*u. rc. . As we have pc-' ntrd 
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on other decisions involving the nuclear fuel cycle. In particular there 
needs to be a commitment in favor of partitioning the waste stream into the 

shorter lived fission products and the longer lived transurcnic elements. 

✓ * 

There also must be a decision against plutonium recycle. In neither instance 
does it appear that the proper decision will be made. 

But what is more significant is the fact that in the consideration 
of these tvo decisions, the implications for the space alternative never 
oven enter into play. The decision or, plutonium recycle d-iaonstrates 


tills well. 

The Decision on Plutonium Recycle 

The issue of plutonium recycle (PUR) never captured much attention 
from the Atomic Energy Commission. No Connissioner ever had a formal or 
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even informal “lead” role in that area. In the first ten years of the 
agency's existence, no report about the question appears to have readied the 

Coouaission foroaljy. I,, the quarter-century period extending to 

1972, for which files are available, <mly fifteen documents dealing • : 

' £ '» 1 

with plutonium recycle were ever even considered by the Coom&ssiou. 

. . ’ * „ n ' _ , ,7 

lack of attention need not bs equated with lack of interest or concern. 

• , • >* - . . _ ‘ _ p e*‘ , 

It can he adequately explained in terms of the. time periods involved. ■ 

PUR had a relatively long time horiznft; other natters had to be resolved, 
such as developing Yeactors, before I’UR could become a salient policy 
question. Attention, therefore, was directed quite naturally to more 

- ^ . A 

irradiate areas.-tyf cojk-'V;*-. vr - .- . 
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cC'jaercial application. Its ori gins trace back to the work at the 
National Laboratory at Hanford, Washington in the riddle 1950’s. At that 
time, Hanford was operated for, the AEC by General Electric. Shortly after 
research into PUR began. Commissioner Willard Libby requested the Director 
of the Division of Reactor Development to supply the rationale for ..the 
project: 

There arc three principal reasons for undertaking an 
integrated program for the development of .plutonium 
xech:to?o‘ey applicable to its use as power reactor 
fuels. T:.or.e are as follows: 

a. Improved applicability of reactor technology 
based upon use of enriched fuels. 

b. Increased ur»li cation or uranium resources. ORSHaac 

c. Eventual lowering of fuel costs. 


Perhaps the most pressing and immediate need for this 
technology arises from the United States’ desire to 
assist other countries in the application of nuclear 
power for peaceful purposes. . .It is clear that other 
countries arc reluctant to embark upon a large scale 
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' nuclear power program based upon continuing feed from 
IB uranium enriching plants. Recycling of t fee plutonin 
produced in thermal power reactors can reduce the 
dependency upon a supply of enriched uranium, and, 
in many cases, permit continued operation of the 
reactor on a natural oranim feed stream after an 
initial charge of enrichment. 


• ■■ • ■ - \ - 

Before PUR could Decease a reality several technical problem v.hith 
affected the economics cf the concept had to be resolved. Those -included 
reactor physics, plutonium bearing fuel element development, and plutonium 

recovery process development. Ha ;> Ford proposed the design and construction . 


cf two facilities to 

reactor ' >d Lho Htt; 
„o iL • vr - os _ • 


» .«** lit tv " i* 4*“‘« ’r r * . 


tackle those problems: the Plutonium Recycle Test 

r.iu . I:.br-.eni;* on Mint Fir fit. The cost of the 

• ?t C.’.'G million. To. if 5-6. -he Com-.l- slo:; «.-y~ -r.j^c-j 

C \ ' 7 I 1 tl ’’ / o — * * « . * t. • »* - v J . . <•!. •• t 

*'• I ‘ ^ - 4 ft »» <| J C * * v « <-• Iv- l s. _ 4 b^»Jv. v J ,t . I v . ! J | t* , 


is, it achieved a controlled s_ If -sustaining nuclear reaction. Dining that 

five year period, the AEC spent $21. S million on operating and research 

costs in r edition to the capital funds committed. 

The nuclear industry, however, was hardly satisfied. In a letter 

to the then director of Reactor Development, Frank Pittman, written in 

1962 by W. Kenneth D-ivis, Pittman's predecessor and now a Vice President 

* 

of Bechtel Corporation, the complaint, was made that: "At present [we] have 

no facts, only speculations of so.-.-; highly technical advisors .. .“his f,itu8tior> 
is bad in tho United State.:; but it ,.s proving ic bo a most fo: ridable 

obstacle abroad in trying to utilize the slightly enriched reactors of US 
design."^ 

Despite the intent of the program to make US reactors and thereby US 
manufacturers more competitive abroad and despite Davis' protestations that 


*88568? 
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be could think of "nothing more important to our overall reactor development 

program today than plutonium recycle," industry balked at taking on any 

significant role. In October, 1965, for example, Milton Shaw, now the 

Director of Reactor Development, noted in a memorandum to the General Mausger 

"While we have expressed disappointment with the rate at which industry bat 

been picking up their part of the program, we stc continuing our efforts to 

encourage thc-a to do sore mid to achieve a smooth Transition froa the AEC-. 

3 

sponsored program to the industry -sponsored program." A year later, the 

situation- had not changed. Shaw, writing to the Cc.m i^ioa . reported that 


the "industry sponsored pluloniun recycle \ _ v»gras>s are r.ot responsive, is« 

jf 

terns of both scree and timing to r hj* . v>vn: s vhich rill exist by the 

% 

fc':CA • t..- 'i'-.z t in;:- ‘ p;, jevo:\ .i a dc-;.x/i bci«r> r.-* 

being had by :s ■? sht'..* 1 si - i. f i cr.t’v er rettf t cf 5:tcctv-n 

coupled with the rapid increase in light water reactor co^iunents and the 

amount of plutonium expected to be discharged. Coping with those domestic 
challenges now overshadowed exports as the prime rationale for PUR. 

But the failure of the nuclear industry to act in the face of those 

problems was not the only constraint affecting the future direction of the 
Coauui s si on * s~ PUR policy. The Joint Committee on Atomic Energy (JCAE) 
was becoming increasingly restive with continued AEC involvement in light 
water reactor technology. In their report on the AEC Authorization Bill for 
FY IS69 the Joint Committee stressed the inportsr-ce of phasing out Cor;. .mission 
participation in the PUR program as soon as possible. The following year 
the JCAE reiterated its "oft expressed belief concerning the importance of 
private industry taking on the lion's share of the significant work that 
remains to be done in the plutonium recycle area/' 

ORIGINAL PAGB tS 
OF POOR QCALHN 



The agency* that, was caught between a reluctant industry and an 
increasingly irritated Joint Committee. After nearly two years of 
negotiation and pressure on the part of Milton Shaw* the industry, repre- 
sented by the Edison Electric Institute (EEI) proposed a nodes t program bo 
shoulder responsibility for PUR. EEI along with Westinghouse and General 

toft 

Electric would fabricate and irradiate mixed uranium and plutoniuti fuel 
♦ 

* rods in commercial reactors. Slightly r.ore t htn $$ million would be spent 
over a period of five years . Hie proposal was conditioned upon the ABC 
reducing its base charge f '■ r plctc; ic". i : m $43 per gra?t tc just over $3 
per gram. That alteration would provide a savings of over $1 million for the 



* l v. i - * » . . • * ti. •» 
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accepted in early 19/0; direct AEC involvement in PUR development was by and 

large terminated at the end of that year . 5 

Up to now, the regulatory side of the Commission had little, if any, 
influence on the course of PUR development. On April 18, 1969, however, the 
regulatory side took its first action on plutonium recycle; it accepted 
an amendment to the technical specifications of the Big Rock Point Reactor 
in Michigan. The changes permitted the reactor — chosen 3s part of the 
industry -run prcgva*.!~-ta overate using fuel brndirs containing r> ox‘<’r 
fuel rods. The license was simultaneously amended to permit the Co nsu-..ur 
Power Company which owned the reactor to possess and use up to fifty kilo- 
grams of plutonium in the mixed oxide fuel.* 

Three and a half years later, the Company applied for and received 
another license amendment which allowed it to increase its use of mixed 


5W<B9 
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oou.de fuel by a factor of three. In March, 1973, the West Michigan 
Environmental Action Council (WKEAC) requested AEC for a hearing on the . 

t. 

amendment and filed suit in Federal District Court for the Western District 
of Michigan seeking declaratory relief and an injunction against the .<:• •. 
loading of additional nixed oxide fuel at the Big Rock Point Reactor. 

The court denied the injunction because the Camel ss ion agreed to a ^ 
hearing and becaus e,.Consci«©rs deferred iaipleaentation of their .plans to 
use more than fifty kilograms of plutonium in the Spring, 1973 loading 

of the reactor, The followin'; year, however, in a second round of 
litigation KMEAC received a commitment from the AEC that the agency would 

ccrs'-’ei ; .he cf f~t of the perron urn fuel cycle in e generic proceeding 


c- w. *•*. 


Vwi -• ! ^ . ' <*: J . 

OtbMO was released in August, in the document,, the AhC staff 

concluded that the adverse environmental and safety consequences associated 
with using plutonium as a reactor fuel were small. Thus, the staff judged 
the problem of safeguarding the plutonium from diversion as being a 
’Vnanageable one,” and recommended the PUR be approved. They did indicate- 
that a more detailed 'safeguards program would b.. developed in the next 
year or so, but sav; no reason to defer the basic i ; L : R decision until that 
point 5. it the future. The Cu,r.;ission failed to resolve the Edfi quer, ’ i on 
finally in the rccalniwg five months of its existence. 
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On January 20, 1975, just one day after KRC cane into existence, Russell 






Peterson, Chairman of tne Council on Environmental Quality (CCQ) *•«! J ||> 
latter to Killiaa.Anders, the new head of “ 
following view: ; 


KRC. The letter expressed the 

’■ ./*4* ■' .. • 


Although the draft environmental s tat anent is well 
done and reflects a high quality effort, it is in- 
coiSi£le*te because i,.t fails to present s detailed and 
coriprcJi ensi ve analysi s of the i environmental impacts of 
potential diversion of special nuclear -materials end 
of alternative safeguards programs to protect the 
public from such a threat. 

r . • 

The Iftic-leuT Regulatory Cciucdssion, the Executive 
''Branch, the Congress, and the American people should 
have the benefit of a full discussion of the dA version 
t and safeguards problem, its impacts, and potential 
mitigating measurus, before ••• i-y fin \ c .c.‘ are 
i-ide cr; pluceavv r-: rye A 1 :- . 

’i!.-; f r.i. -try Co. rinfjo, ;ip !?.\v V 

to avoid art L.j. . r v 1 - 5 -m we;: -.C fcz-cel >' ~c f.ujmd; * 
•alteras t-ives or which world r ;sul t in unnecessary > 

’’grand fa thering'h during the period in which the 
safeguards issue is being resolved. 




The letter had a uro found effect on the fledgling NRC; it promoted a major 


review of the former Conmission's plans for reaching an affirmative decision 

on PUR. 

On Kay 6, 1975, the new Commission announced its tentative judgement 

I 

on how the PUR decision should be made. 


On the basis of its consideration to date of the 
relevant factors, the Ccrvni ;..i on is provisionally of 
the vi cv, subject to consi deration of concents to bo 
received, that a cost -benefit analysis of alternative 

safeguards programs should be prepared and set forth 
in draft and final environmental impact statements 
before a Commission decision is reached on wide-scale 
use of mixed oxide fuels in light water nuclear power 
reactors. The Commission is also provisionally of the 
view that in light of the variety of factual situations 
and legal considerations that may be presented, as well 
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as the right to and reed for appropriate participation 
in the decisionmaking process by parties to the individual 
proceedings, the natter of deferral* of future licensing 
actions which art relied to the wide-scale use cf nixed 
oxide fuels should be 'addressed *ri thin t.he context of the 
individual licensing proceedings. It is the Comission's 
provisional view that the following guidelines should be 
observed in resolving the deferral issue in such prO- 
, ceedings: (1) there should be no additional licenses 

granted for use of mixed oxide fuel in light water nuclear 
power reactors except for experimental purr-os os : and (2) 

, with respect to light water nuclear power reactor fool 

cycle act ivi tie's (activities other O-.ar nuclear pew or 
reactor construction and operation) which defend for 
their justification on wide-scale use of mixed oxide 
fuel in light water nuclear power reactors, there should 
be no additional licenses granted which tfould foreclose 
future safeguards options cr result in unnecessary 
"grandfathering." This would not preclude the granting 
* , of licenses for ex mental and/or t^r.-intcal feasibility 

* purposed . 



balloon. Recognizing the controversial nature of its choice, the Coixaissii-s: 

offered interested parties the opportunity to consent on that provisional 
decision. Hie Commission held meeting with representatives of industry 
and the general public to clarify any questions those groups might have. 

Over 200 comments --more than twice the number received at the initial 


publication of GHSMO — were contributed by members of Congress, industry 


groups, utilities, and environmental organ? i at ions . 

On November ) 2 , the Com./ ssioj: handed down 

which contained fear basic tie- a.-t s: 


fill a ■ rV -.Irion 


1. A cost benefit analysis of alternative programs for 
safeguarding plutonium mixed oxide fuel and facilities 
which handle them will be prepared on an expedited basis 
and published for comment as a supplement to the overall 
Environmental Statement on Mixed Oxide Fuel. 
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2. The public will have the opportunity to further 
participate in the ultimate decision by commenting cm 
the safeguards supplement and proposed rules and by 
participating in hearings. 

3. Eligibility criteria have been established for 
interim licensing of related fuel cycle activities... 
pending a Commission decision on wide-scale use. The 
criteria require consideration of such factors as the 
dependency of individual facilities on wide-scale use 
of mixed oxide fuel , possible foreclosure of safe- 
guards alternatives,, and the impact on the overall 
public interest of delays in licensing. 

4. Operating licenses and amendments to operating 
licenses may also be issued which 'authorize the use 
of !ui ?*■-'! oxide fuel in light watci pouv.r reactors. 


’■ V Ao* r. far roccbi r a substantive decision on PUR was also devised. 

I : y i.j'iv odje.;: up .... 1 dv:v • g th . bog? y of 3975 ar.u by ho) ling 
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issues and the other on saJ.’eguej ds quest Jen — raim:-; rism e single he-.’.' 

almost fifteen months could be shaved off the original estimate of when a 
final decision on PUR would be made. 

The final act in this extended history of the PUR decision came in 
June, 1976. The Natural Resources Defense Council spearheaded a court 

attack on the Commission's November, 1975 final ruling. The Second Circuit 
Court of Appeals ruled that the Nuclear Regulatory Commission violated its 
MI’. PA mandate by agreeing to license PUR dependent facilities cn cn interim 
bfsjs before the entire Euvj ronuonscl Imp.. el St .••.vr.ncnt -inciu-jJng ? : .o part on 


safeguards --could be finalized. 

As the reader can see from this discussion, the debate over whether 
or not to proceed with plutonium recycle liever directly involved the issue 
of what the implications might be for alternate choices of waste management. 




existence of reprocessing and PUR. As a result, options such as space 


disposal way very well lose whatever viability they nay possess mi the 
basis of judgments made in an entirely separate area. 
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No. Dpr-6, April 18, 1969. 
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CHAPTER 8 

PUBLIC ATTITUDES TOWARD SPACE DISPOSAL 
OF RADIOACTIVE WASTES 

One dominant theme stands out clearly in the history of the Federal 
Government's attempt tc implement a waste management system: any option 

which does not find public acceptance trill, regardless of its technological 
merit, not be adopted. The experience at Lyons and the story of the 
Retrievable Surface Storage Facility (RSSF) both provide striking evidence 
for that claim. Thus, any future plans to develop a space disposal system 
must recognize the significance of the public acceptance factor and take it 
into account. 

This section attempts to provide a preliminary estimate of what public 
attitudes toward the space disposal option might be. It must be stressed 
that the estimate can only be a very approximate one. For one thing, it is 
based on data which did not address the issue of space disposal directly. For 
another, the estimate has had to be made before any firm program has been 
proposed or any details of possible plans have been made public. Clearly 
once that occurs the entire complexion of the issue will have changed and 
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any predictions made herein about public reactions will have to be carefully 
re-assessed. Thus, the only question that this seccion can reasonably address 
is a limited one: are there indications that public attitudes toward the 

space option are such that it has a hope of being accepted? 

Over the years a number of studies have been made about public attitudes 
towards nuclear power. Utilities and vendors have conducted several public 
opinion surveys. For the most part* however, the data gathered has not been 
made public. Several studies, undertaken by academics, have probed public 
opinions about nuclear power— often as part of larger studies dealing with 
public attitudes towards highly complex technological systems. In the last 
year, two studies about public attitudes toward nuclear power have been 
released. The first, done by the Batelle Northwest Laboratories,* focusses 

primarily on the issue of nuclear waste management. The second, undertaken 

2 

by Lou Harris for the architect-engineering firm EBASCO, deals more generally 
with the entire range of issues now surfacing in the great nuclear debate. 

Those two studies provide the core of data from which inferences about public 
attitudes toward the space option are drawn. 

PUBLIC VALUES ASSOCIATED WITH NUCLEAR WASTE DISPOSAL: BNWL-1997, 

June 1976. 

A total c c twenty two groups, comprising 465 persons, from five region, 
of the U.S. WCXfc A<»L erviewed. The groups were aggregated to yield six sets of 
respondents: environmentalists, nuclear technologists, junior and senior 

high school students, public utility employees, church and civic organization 
members, and university students. Those final groups contained as few as 
32 people (public utility employees) and as many as 164 respondents (university 
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students.) the survey ms administered by group with the respondents writing 
their answers dow on a fern provided. Before the survey was answered, the 
respondents viewed a fifteen minute film which provided reasonably accurate 
and unbiased infatuation about nuclear wastes and the probleas associated with 

e 

the survey questionnaire was designed to obtain social value information 
about the relative importance of four aspects of nuclear waste disposal as well 
as information co> erning some broader issues associated with the subject of 
nuclear waste disposal. The four nuclear waste disposal aspects or -factors 
which forced the backbone of the questionnaire were described as follows: 

Short Tern Safety: Those risks involved in the storage^ transportation, 
and emplacement of nuclear waste naterials. These risks are largely borne by 
the people who used the electrical power which created the wastes. These 
risks would occur during a few years following the creation of the waste. 

long Tern Safety: That portion of total risk which begins after the 
wastes were finally emplaced or disposed and which would continue for the 
next 2S0,000 years. These risks would be due to geologic changes and other 
"Acts of God" and possibly to negligence by nan. 

Cost: The dollar cost required by a given waste disposal method. 

Accident Detection and Recovery: Steps that could be taken to reduce 

the consequences of an accident if it does occur after final disposal. 

The study assessed the importance of each of those criteria in four 
wr-'s. First, the respondents were asked sinply to rank order the different 
factors, i.e., most important... least important. Second, the people inter* 
viewed were required to assign a number from 0-100 which reflected the relative 



amount of weight they felt each of the criteria ought to have in selecting 
a waste management system. Third, each person was presented with twenty 
seven charts each of which represented a hypothetical waste management system. 
In each chart the four factors were variously listed as having "high,** 
'medvi*," or "low" scores. The respondent then assessed the acceptability of 
such a designed system. The assesrment was the dependent variable and the 
score on each of the four factors was the independent variables. Regression 
coefficients were then calculated. The higher the coefficient, the more 
important the factor was perceived to be. Fourth, each respondent was asked 
to construct a system which would be minimally acceptable to him. 

Only data for the first three methods were reported in detail. This is 
because the fourth method (minimally acceptable) appeared to measure something 
different than the first three. The three reported methods yielded substan- 
tially similar results. (Figure 8.1) bong term considerations were 
the me •«. important. The degree to which they dominated varied from method 
to method. Short term consideration and accident detection and recovery were 
somewhat less important in the samples * collective opinion. Cost factors 
were significantly less central in assessing a waste management system, hhen 
the six sub-groups were analyzed separately some important distinctions 
emerged. Environmentalists placed significantly more emphasis on long term 
concerns and nuclear technologists placed significantly more importance on 
short term considerations than did the sample as a whole. (Figures 8. 2-8. 4) 

In addition to the questions dealing with the importance of the four 
factors, questions were asked which attempted to measure acceptability of 

• t 

various performance levels for each of the four factors. Short term fatality 
rates of one death per fifty years, one death per ten years, and one death per 
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Figure 8.1 
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AVERAGE RATIO ESTIMATES OF IMPORTANCE 
FOR SIX RESPONDENT CLUSTERS 
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Figure 8.4 

AVERAGE MULTIPLE REGRESSION HEIGHTS 
FOR SIX RESPONDENTS CLUSTERS 
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8. THE CONSTRUCTION OF NUCLEAR 
POWER PLANTS SHOULD BE SLOWED 
UNTIL AN ABSOLUTELY SAFE WASTE 
DISPOSAL SYSTEM HAS BEEN 
DEVELOPED AND THOROUGHLY 
EVALUATED. 

10. THE RADIOACTIVE HAZARDS IN 
NUCLEAR POWER ARE NO GREATER 
THAN THE ENVIRONMENTAL 
HAZARDS FROM COAL BURNING 
POWER PLANTS. 

13. THE BENEFITS OF NUCLEAR POWER 
MORE THAN OUT WEIGH THE 
HAZARDS IN NUCLEAR WASTE 
STORAGE AND DI'T’OSAL. 


18. 1 WOULD NOT WANT TO HAVE 
NUCLEAR WAST ES DISPOSED OF IN 
MY REGION OF THE COUNTRY. 


21. BASED ON PAST OPERATING 
EXPERIENCE, NUCLEAR ENERGY 
HAS BEEN DEMONSTRATED TO BE A 
CLEAN AND SAFE SOURCE Or 
ELECTRICAL POWER. 

24 . USING MORE COAL IS FAR LESS 
HARMFUL TO MAN THAN USING 
NUCLEAR POWER. 



SO 



ENVIRONMENTALISTS 
NUCLEAR TECHNOLOGISTS 
JR. HIGH AND HIGH SCHOOL 
STUDENTS 


pnRCEivpp sr-r 



p.. .. O IV. PUBLIC UTILITY EMPLOYEES 
a a V. CHURCH MEMBERS/CIVIC 

Organizations 

. o— O VI. UNIVERSITY STUDENTS 
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7. THE UJ. CAN MAINTAIN A STRONG 
ECONOMY WITHOUT HAVING 
NUCLEAR POWER. 


14. NUCLEAR POWER IS THE M08T 
PROMISING SOURCE OF ELECTRICAL 
POWER FOR THE NEXT 30 YEARS. 

17. THE CONSTRUCTION OF ADDITIONAL 
ELECTRICAL POWER PLANTS WILL 
NOT BE NECESSARY FOR THE U.8. 

TO MAINTAIN ITS PRESENT 
8TANOARO OF LIVING. 

27. WE SHO"LO IMMEDIATELY STOP 
DEVELOPING NUCLEAR TECH- 
NOLOGY AS AN ENERGY SOURCE 


30. IF THE UNITED STATES DOES NOT 
INCREASE THE PRODUCTION OP 
ELECTRICITY. OUR ECONOMY 
WILL DECLINE. 



-fir— A||, 

A— —A in. 


ENVIRONMENTALISTS 
NUCLEAR TECHNOLOGISTS 
JR. HIGH ANO HIGH SCHOOL 
STUDENTS 


rs ——a IV. PUBLIC UTILITY EMPLOYEES . 

D O V. CHURCH MEMBCR.'VCIVIC 

ORGANIZATIONS 

O— • VI. UNIVERSITY STUDENTS 


Sources' . BNWL-I997 


Figure 


:.i? 


-VO OP 


PERCEIVED NEED FOR NUCLEAR AVD NFFD FOR 


POWER IN GE"”RAL 


9l’8 



\ 


8. IN THE NEXT 10 YEARS. SOLAR 
POWER COULD SOLVE THE 
PROBLEM OF ELECTRICAL POWER 
IN THE U.S. 


23. IN THE NEXT 10 YEARS. GEO- 
THERMAL POWER COULO SOLVE 
THE PROBLEM OF ELECTRICAL 
POWER IN THE U.S. 


20. PAYING A LITTLE MORE ATTENTION 
TO CONSERVATION WOULD MAKE 
MORE ELECTRICAL POWER 
UNNECESSARY. 



Source: BNWl-1997 . 


i 


O— O I. ENVIRONMENTALISTS 

A A U. NUCLEAR TECHNOLOGISTS 

A A HI, JR. HIGH AND HIGH SCHOOL 

STUDENTS 


C 9 IV. . PU3LIC UTILITY EMPLOYEES 

2 □ V. CHURCH MEMBERS/CIVIC 

ORGANIZATIONS 

0~*» • -O VI. UNIVERSITY STUDENTS 


Figure C.I3 


PERCEIVED EFFICACY OF ALTERNATIVES TO NUCLEAR POWER 


COM# 
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year each received average judgments at the aid point of the "satisfaction" 
scale or above. Fatality rates in excess of one death per year received 
cvercge judgments v:hich were closer to the very unsatisfactory end of the 
scale. Much the same findings were reported for the Long term safety factor. 
In general, however, at any given risk level, the risks were perceived as 
being more satisfactory as short tern rather than long term risks. 

The study also found that approximately 75% of the sample rated an 
increase of $3.00 in the monthly cost of electricity above the midpoint on the 
"satisfaction" scale. An increase of $10.00 was given an average satisfaction 
rating of just below the midpoint on the metric. The sample also felt than 
an accident detection and recovery system would be satisfactory’ only if it 
z-esulted in a death reduction of greater than 50% over no such system at all. 

The different sub-groups had sanewhat di ' ‘treat id» .s of what r. satis- 
factory' performance criteria should be. The extremes were occupied by the 
environmentalists and by the nuclear technicians. Their responses formed 
boundaries within which the remaining groups were contained. (Figures 8.S 
to 8.8) 

The investigators also asked a set of questions dealing with more 
generalized attitudes toward nuclear power and nuclear waste management. The 
average score for each of the groups on those items is shown in Figures 8.9 to 
8.13. The marginal distributions of the questions is given in Table 8.1. 

Attitudes Toward Nuclear Waste Disposal Factors 

1. Who should bear the risks of nuclear wastes: Most groups were 
clustered around the middle of the agree-disagree scale except for nuclear 
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TABLE 8.1 

ATTITUDE RESPONSE FREQUENCIES 
FOR TOTAL SAMPLE 



SA 

A 

AD 

D 

SD 

1. Overpopulation and economic conditions 

100 

151 

94 

94 

19 

are nore serious threats to our way of 
life than the problem of nuclear waste 
disposal. 

22% 

35% 

21% 

21% 

4% 

2. Nuclear wastes should be disposed of in 

147 

124 

69 

94 

24 

such a way that no one will ever be able 
to recover them. 

32% 

27% 

15% 

21% 

5% 

3. In dealing with nuclear wastes, cost 

60 

96 

75 

182 

45 

should be of no concern 

13% 

21% 

16% 

40% 

10% 

4. Be sec! on ir.fomation I got from th* s 

11 

73 

131 

1-6 

97 

study, the hazards of nuclear wastes are 
Jess serious than 1 thought. 

2% 

16% 

29% 

32% 

21% 

5. In the next JO years, solar power could 

22 

101 

127 

j:r. 

61 

solve the problem of electrical power 

in the U.S. 

5% 

22% 

28% 


14% 

6.' The loss of even one life from nuclear 

34 

71 

76 

178 

99 

waste is unacceptable. 

7% 

13% 

in 

39% 

22% 

7. The U.S. can maintain a strong economy 

34 

58 

100 

157 

109 

without having nuclear power. 

7% 

13% 

22% 

34% 

24% 

8. The construction of nuclear power plants 

96 

147 

46 

ns 

51 

should be slowed until an absolutely safe 
waste disposal system has been developed 
an.’ thoroughly evaluated. 

21% 

32% 

10% 

26% 

11% 

9. Nuclear waste is one of the nost serious 

41 

102 

91 

153 

71 

threats facing the world. 

9% 

22% 

20% 

38% 

18% 

10. The radioactive hazards in nuclear power 

33 

75 

90 

176 

84 

arc no greater than the environmental 
hazards from coal -burning power plants. 

7% 

16% 

20% 

38% 

!S% 

11. Future generations must be totally safe 

10S 

170 

82 

78 

23 

from our nuclear waste. 

23% 

37% 

18% 

17% 

5% 

12. In ay opinion, the information contained 

38 

80 

151 

163 

26 

in this study seriously underestimates 

8% 

17% 

33% 

36% 

6% 


the real risks of nuclear wastes. 


SA * Strongly Agree; A * Agree; 
D * Disagree; SD = Strongly Disagree 


AD « Neither Agree nor Disagree; 
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SA 

A 

AD 

D 

SP 

13. The benefits of nuclear power sore than 

56 

148 

92 

109 

53 

outweigh the hazards in nuclear waste 
storage and disposal. 

12% 

32% 

20% 

24% 

12% 

14. Nuclear power is the most promising source 

79 

184 

106 

53 

36 

of electrical power for the next 30 years. 

17% 

40% 

23% 

12% 

8% 

15. Whatever disposal system is devised, there 

247 

164 

26 

16 

5 

■ust be a way to detect leaks and recover 

54% 

36% 

6% 

3% 

1% 

the waste. 


- 




16. Before I got involved in this study, I 

55 

115 

56 

165 

67 

knew very little about the problem of 
nuclear wastes. 

12V 

25% 

12% 

36% 

15% 

17. The construction of additional electrical 

15 

44 

80 

1SS 

131 

power plants will not be necessary for 
the U.S. to maintain its present standard 
of living. 

3% 

10% 

17% 

41% 

29% 

18. I would not want to have nuclear wastes 

98 

115 

87 

121 

37 

disposed of in my region of the country. 

21% 

25% 

19% 

26% 

8% 

IS. The generation that uses nuclear power 

52 

117 

7S 

152 

59 

should take all the risks for waste 
disposal . - 

Hi 

26% 

IV % 

33% 

13% 

20. Government and industry have done a ..red 

12 

42 

43 

194 

162 

job of keeping the public informed about 
the advantages and disadvantages of 

nuclear power. 

3% 


10% 

42% 

35% 

21. Based on past operating experience, nuclear 

43 

173 

133 

81 

28 

energy has been demonstrated to be a clean 

9% 

38% 

29% 

18% 

6% 

and safe source of electrical power. 


■ * . 




22. Participating in this study makes me 

31 

119 

110 

135 

63 

realize just how frightening nuclear 
waste is. 

7% 

26% 

24% 

29% 

14% 

23. In the next 10 years, geothermal power 

9 

S8 

186 

130 

75 

could solve the problem of electrical 
power in the U.S. 

2% 

13% 

41% 

28% 

16% 

24. Using more coal is far less harmful to 

11 

80 

150 

164 

53 

nan than using nuclear power. 

2% 

17% 

33% 

36% 

12% 

25. To satisfy critics, the U.S. nuclear 

48 

178 

£9 

100 

43 

waste system will probably cost far 

10% 

39% 

1S% 

22% 

9% 


more than is necessary. 
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SA 

A 

AD 

J) 

SO 

26. 

Paying a little more attention to 

47 

97 

98 

169 

47 


conservation would make nore electrical 
power unnecessary. 

10% 

21% 

21% 

37% 

10% 

27. 

We should immediately slop developing 

10 

22 

51 

179 

196 


nuclear technology as an energy source. 

2% 

S% 

11% 

39* 

43% 

28. 

The main concern of nuclear waste 

25 

95 

68 

212 

58 


planners should be 'a safe system for the 
short term. 

5% 

21% 

15% 

46% 

13% 

29. 

Compared to other problems that future 

23 

SO 

94 

192 

99 


generations will face, nuclear waste 
monitoring is insignificant. 

5% 

11% 

21% 

42% 

22% 

30. 

If the United States does not increase 

66 

194 

116 

66 

16 


the production of electricity, our 

14% 

42% 

25% 

14% 

3% 


economy will decline. 


Source: BNWL-1997 
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technologists who clearly disagreed that the users of nuclear energy should 
bear the risks of waste management. 

2. Absolute safety: Host groups agreed that the future should be 

100% safe... except for the nuclear technologists who disagreed. 

3. Significance of waste problems: Environmentalists and nuclear 

technicians bracketed the responses of the other groups on *’his question. 

4. Concern about cost: Fair consensus around the middle of the 
agree-disagree scale that cost should be no object. 

5. Irretrievability: NiJe variance on this issue. Interestingly, 

the environmentalists and the nuclear technicians are closer on this issue 
than on any other both tend to desire rntrievebility. 

6. Detection and recovery: Strong consensus among all groups 

except nuclear technicians that leaks should bo detected and x emodicJ . There 
may be sc-rae logical inconsistency between the responses on this question 

and the responses on the previous item. 

Perceived Severity of Nuclear h’aste Problem 

1. Relative to overpopulation and economic conditions: All 

groups except junior and senior high students and environmentalists place 
more concern on those problems than on nuclear waste management. 

2. Loss of one life: All the groups, to varvj-g degrees, disagree 

with the idea that even one life lost because of nuciesr wastes is one life too 
many. 

3. Serious threat: None of the groups agree that iv-lear waste 

is one of the most serious threats; there is however, a wide range of opinion 
expressed . 

ORIGINAL PAGE IS 
OF POOR QUALETH 



Perceived Safety of Nuclear Power 


1. Slow nuclear power until waste can be handled: An extraordinarily 

wide range of attitudes. Nuclear technologists and environmentalists mark off 
the boundaries with the remaining groups in oetween. 

2. Nuclear vs. Coal: Only the nuclear technicians believe that 

the risks of nuclear power are less than coal fired plants. 

3. Benefits of nuclear power: Most groups neither agree or 

disagree with the idea that the benefits of nuclear power outweigh the risks 
of waste management. Only the environmentalists and the nuclear technicians 
express strongly held views. 

4. Disposal in the respondent’s region: Only the nuclear 

technologists sec-n prepared to accept wastes disposed in their imr 
environment . 


Perceived Need for Nuclear Power and Need for Power in General 

With only the environmentalists dissenting, there is a relatively 
strong consensus that nuclear power is required for a strong economy, that it 
is the most promising energy source for the next generation, that it is necessary 
fur the maintenance of our present standard of living, and that its development 
must be continued. 

Perceived Efficacy of Alternatives to Nuclea r rower 

With the exception of nuclear technologists who have no faith in 
the alternatives of solar, geothermal, or conservation, the remaining groups 
are by and large ambivalent about alternative sources of energy being practical 
in the near term. 
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Evaluation of the Study 

The study appears to be competently, although not imaginatively, conducted. 
The investigators are to be complemented on trying to measure difficult value 
trade-offs in a number of different ways. The lack of breadth, both in 
devising the measures of systemic performance and in the range of issues con- 
sidered is somewhat disappointing. More importantly, the study suffers 
from four limitations which combined out to make one cautious .'••bout how much 
weight is given to its findings: 

a. Sample: Quota sampling makes sense if you wish to find out the 

opinions of particular groups of individuals. The disadvantar^ of that sampling 
design is that it is hard to generalize to any otl or popula. i- -particularly 
to a cross section of Auer jeans. If we believe that the six groups isolated 

si e the only ones whose voice does or eight to count the prcbK:.': may not be 
a large one. But if we believe that waste management is an issue that touches 
virtually everyone, then perhaps we need to find exit their attitudes as well. 
This study tells us nothing about that larger set of opinions. 

b. Inference: A major technical failing of the study is the lack of 

information about confidence intervals around the mean scores. Differences in 
the means among the various groups may simply be due to sampling errors. This 
is particularly likely because of the small sample sizes employed. The study 
does not provide us with a way of determining whether the differences are "real" 
or are merely statistical artifacts. 

c. Reliability and validity of the measures: By measuring the impor- 

tance of the four factors in four ways, the investigators could assess the 
reliability and validity of their measures. Using the methods of ranking 
and the "thermometer" scale produced similar results- -although the score from 
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one method could only explain about 60% of the variation in the scores obtained 
from using the other method. The situation was worse when the measures of 

importance derived from regression v ^efficients vere used to predict scores 
obtained from the other two methods. Less than 30% of the variation could be 


explained. Still worse was the use cf the '"minimally acceptable" method in 
explaining scores obtained using the other three methods . Here less than 
10% of the variation in the three other scores could be explained. The last 
method, then, clearly measures something other than the importance attached to 
each of the four factors. 

d. Explanatory power: The major limitation of the study was it failure 

to provide explanatory reasoning foi i' ladings. M Tagir cl distributions do 
not reveal much. They njv be subject to roa- urerent error or the) my be 


highly unstable. If explanatory variables can be found O.ich make theoretical 

sense, then the significance of the study increases by several orders of 
aagnitude. We can view the variables measured — particularly the importance of 
the four factors and their associated acceptable levels of performance--as 
dependent variables located at the tip of the stem of a funnel of causality. 

The further back along that stem we can go in establishing causal and explanatory 
antecedents, the mere we can understand the context of opinion and the richer 
the measurements become. In addition, secondary analysis would reveal in- 
consistencies and paradoxes which would further inform our understanding. The 
investigators have not undertaken any such explanatory or secondary analysis to 
date. Until they do we ought to be wary of attaching much significance to 
their findings. 



8.26 


A SURVEY OF PUBLIC AND LEADERSHIP ATTITUDES TOWARD NUCLEAR POWER 
DEVELOPMENT IN THE UNITED STATES: A Survey Conducted by Louis Harris and 
Associate s_ for E r A SCO Servi c es In c , ; Au g list 1 97? . 


This survey was carried out in the spring of 1975. A national cross 
section of 1537 adults were interviewed in their homes. In addition, 301 
persons who lived near nuclear power plants wore interviewed. Finally fifty 
people from each of four leadership groups (political leaders, regulators, 
business leaders, and environmental leaders) were surveyed. The questionnaire 
dealt with a broad range of topics including the nature of the energy shortage, 
advantages and disadvantages of nuclear power, and the acceptability of nuclear 
plants in the respondent's c. .viunity. I i.r-'-e selected out the c'nla which 
bears directly on the question o r nuclear waste Kanagf-i. ,c -nt . (b c Tables 
8 . 2 - 8 . 6 ) 


a. -ended responses: Those interviewed were asked what they 

perceived were the major disadvantages of nuclear power. This type of question 
provides information about what the respondent feels is important — not what 
the researcher deem significant or wishes to know. Responses from this type 
of question provide a good indicator of what the person believes is salient. 

Ten percent of the total public spontaneously mentioned waste disposal as a 
problem area. In terms of sheer numbers, waste disposal was the fifth most 
mentioned disadvantage. Among the leaders, however, waste management or. joyed 
a significantly higher degree of salience. It ranked first among environmen- 
talists and regulators. Even among business and political leaders, waste 
management problems were mentioned quite frequently. 
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Table 8.2 

DISADVANTAGES OF NUCLEAR POKER PLANTS 

8.27 ! 


Total 

Total 

Nueplant 

Neigh- 

Poli- 

tical 

Busi- 

ness 

Regu- 

Environ- 

mental- 


Public 

bors 

Leaders 

Leaders 

lators 

ists 


% 

% 

* 

% 

% 

4 

Unsafe, dangerous 

• 

23 

18 

16 

24 

15 

15 

Danger of radiation contamination, 
leaks, cracks in reactor 

20 

23 

41 

25 

30 

37 

Danger t* accidents, explosions, 
-rtf ’.quakes 

14 

21 

4 

14 

15 

27 

Thermal pollution, kills marine life 

12 

23 

14 

10 

21 

12 

Problems with radioactive waste 
disposal 

10 

9 

37 

22 

34 

50 I 

Pollution, damage to environment 

9 

14 

14 

6 

15 

6 ) 

Expensive, high cost 

7 

6 

43 

24 

23 

19 1 

Initial expense is high; financing 
problems 

7 

7 

2 

12 

13 

8 J 

Lack of technical knowledge, 
uncertainty of consequences 

6 

6 

10 

12 

11 

13 1 

Need stringent controls, safeguards 

5 

7 

6 

2 

4 

10 1 

Public anxiety over safety; objec- 
tions of environmental groups 

4 

10 

16 

22 

15 

4 1 

Danger of sabotage 

2 

3 

10 

6 

6 

21 

Sites not available 

*> 

4 . 

6 

6 

4 

4 

2 | 

Danger to workers in nuclear plants 

1 

1 

2 

4 

2 

4 1 

Puts people out of work 

1 

1 

- 

- 

- 

' | 

Inefficient, breaks down 

1 

1 

8 

2 

2 

12 > 

Shortage, lack of plutonium 

1 

2 

10 

8 

9 

. 6 ! 

Length of construction time 

- 

- 

6 

8 

13 

- ■ 1 

FUel getting into wrong hands; 
theft of plutonium 

- 

- 

4 

2 

4 

10 | 

Exempted by government from liabili- 
ity claims, insurance coverage 

- 

- 

- 

- 

2 

8 1 

Human carelessness, error 

- 

- 

2 

- 

- 

1 

All other answers 

S 

10 

14 

6 

11 

31 | 

None, no disadvantages 

9 

12 

- 

8 

2 


No anwer 

1 

* 

■ - 

- 

- 

i 

• 

Don't know 

27 

14 

m 

m 


3 

- » 

i 
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Table 8.3 

PROBLEMS CONNECTED WITH NUCLEAR POWER PLANTS 


Total : 

Nucplant Poli- Busi- Environ- 

Total Neigh- tical ness Regu- mental - 

Public bors Leaders Leaders lators ists 

% % \ % % 


Hie disposal of radioactive waste 
materials which remain radioactive 
for many centuries to come 


Major problem 

63 

66 

82 

57 

76 

98 

Minor problem 

14 

15 

10 

29 

20 

2 

Hardly a problem at all 

7 

5 

4 

14 

2 

- 

Not sure 

16 

14 

4 


2 

*• 

The escape of radioactivity into 
the atmosphere 

Major problem 

49 

47 

33 

22 

59 

62 

Minor problem 

19 

19 

29 

14 

28 

25 

Hardly a problem at all 

17 

22 

35 

63 

33 

10 

Not sure 

15 

12 

3 

1 


3 

The chance of an explosion in 
the case of an accident 

Major problem 

47 

45 

14 

18 

17 

45 

Minor problem 

28 

2S 

37 

29 

43 

29 

Hardly a problem at all 

13 

20 

47 

51 

37 

20 

Not sure 

12 

10 

2 

2 

3 

6 

The discharge of warm water 
into lakes and rivers that 
would endanger fish and 
other water life 

Major problem 

47 

47 

43 

22 

4*. 

58 

Minor problem 

28 

27 

45 

51 

40 

38 

Hardly a problem at all 

13 

18 

10 

27 

16 

2 

Not sure 

12 

8 

2 

• 

— 

2 

The threat of attempts to 
sabotage nuclear power plants 

Major problem 

• 39 

41 

38 

16 

26 

63 

Minor problem 

32 

26 

38 

60 

43 

33 

Hardly a problem at all 

16 

24 

22 

24 

28 

4 

Not sure 

13 

9 

2 

- 

3 

- 



Table 8.3 con*.-. 

PROBLEMS CONNECTED WITH Nlrfi! \ POWER PLANTS 


Total 


* 

Total 

Public 

% 

Nucplant 

Neigh- 

bors 

% 

13 - 

:f. 1 

Le^dci'S 

% 

Busi- 

ness 

Leaders 

% 

Regu- 

lators 

% 

Environ 
mental • 
ists 

% 

Giving off fumes that 
can pollute the air 

Major problem 

36 

34 

12 

6 

13 

15 

Minor problem 

26 

19 

37 

27 

24 

35 

Hardly a problem at all 

21 

36 

49 

65 

58 

44 

Not sure 

17 

11 

2 

2 

5 

6 


The possibility that plutonium, 
which is made in a nuclear 
power plant, could be stolen 
by radical revolutionaries 

Major problem 

54 

34 

43 

20 

33 

77 

Minor problem 

2D 

21 

28 

47 

4 7 

ID 

Hardly a problem n r ell 

18 

28 

24 

33 

20 

4 

Not sure 

19 

17 

- 

- 

- 

- 



Trble 3.4 

"MAJOR” PROBLEMS CON IXrr.TflD WITH NUCLEAR POWER PLANTS 


High 

Some School 

High Grad./ Building More 
SO School Some Col- Nuclear Power 


Total 

Public 

% 

East 

% 

Mid- 

west 

% 

South West 

% V 

Cities 

% 

Sub- 

urbs 

Towns 

*<s 

Rural 

4 

18- 

29 

JL 

30- 

49 

% 

and 

Over 

ft. 

or 

Less 

% 

Col- lege Plants 
loge Grad "fcnvor 

% % % 

in U.S. 
Oppose 

The d* pc sal of radio- 
active waste materials 
which remain radio- 
t *tive for many cen- 
turies to come 

63 

67 

67 

55 

62 

64 

65 

S3 

63 

72 

62 

56 

• 

53 

67 

72 

58 

86 

The escape of radio- 
activity into tho 
atmosphere 

49 

S7 

S3 

43 

40 

55 

4b, 

42 

47 

61 

48 

40 

46 

51 

49 

41 

( 

76 

The chance of an ex- 
plosion in the case of 
an accident 

47 

ss 

4S 

47 

36 

5C 

45 

<0 

49 

51 

48 

43 

51 

46 

38 

3d 

7C , 

The dischaigo of warm 
water into lakes ar.<! 
rivers that could en- 
danger fish and other 
water life 

47 

49 

52 

41 

42 

53 

43 

44 

45 

50 

45 

45 

45 

46 

53 

40 

72 , 

The threat of attempts 
to sabotage nuclear 
power plants 

39 

42 

39 

38 

37 

42 

33 

41 

38 

38 

40 

40 

44 

38 

32 

35 

53 

Giving off fumes that 1 

can pollute the air 

36 

42 

34 

36 

30 

43 

»• « 

33 

33 

47 

33 

31 

39 

36 

27 

27 

61 

The possibility that 
Hutonium, which is made 
in a nuclear power plant, 
could bo stolen by radi- 
cal revolutionaries 34 

38 

33 

30 

35 

38 

33 

35 

30 

36 

35 

32 

34 

35 

31 

31 

49 i 


00 



Tabic 8.5 

NEGATIVE STATL.MHNTS ABOUT TjCLEAR POKER PLANTS 


To Lai 



Total 

Nucplant 

Neigh- 

Poli- 

tical 

Busi- 

ness 

Regu- 

Envir 

nenta. 


Public 

bors 

l.ea tiers 

Leaders 

lators 

ists 

A major radiation leakage frost a nuclear 

•» 

\ 

% 

%_ 


% 







power plant can cause fall-out that can 
kill large numt rr*. of people 

Completely true 

35 

46 

29 

22 

32 

71 

Partly true 

27 

21 

27 

22 ■ 

30 

21 

Partly untrue 

6 

8 

Ju 

1R 

25 

6 

Completely untrue 

6 

8 

22 

33 

9 

2 

Not sure 

25 

17 

6 

5 

3 

- 

Hot water from nuclear power plants 
endangers fish and other i^ater life in 
nearby lake* and streams 

Completely true 

33 

44 

35 

20 

35 

50 

Tartly true 

33 

24 

49 

39 

54 

4S 

Partly unt rue 

r* 

8 

8 

20 

7 

? 

Co.:.n]etel/ untrue 

5 

1 1 

8 

18 

2 

- 

Mv c sure 

?•< 

13 

- 

3 

2 

- 

»‘ are fre r. r.ncl err power plants c< n 
cause radioactivity exposure to two 

many people 

Completely true 

25 

32 

26 

16 

26 

67 

Partly true 

29 

21 

36 

8 

28 

25 

Partly untrue 

11 

10 

24 

20 

19 

2 

Gos$>lctcly untrue 

9 

15 

14 

51 

23 

4 

Not sure 

26 

22 

- 

5 

4 

2 

If nuclear power were being produced all 







over the country, some revolutionaries 

or criminals could steal nuclear materials 






and make their own atom bombs 

Completely true 

21 

24 

28 

10 

IS 

CO 

Partly true 

34 

26 

36 

31 

43 

31 

Partly untrue 

11 

12 

12 

24 

21 

4 

Completely untrue 

13 

23 

24 

29 

17 

2 

Not sure 

21 

IS 

- 

6 

4 

3 

A nuclear power plant can fail and the 







nuclear materials can come together to 
cause a massive nuclear c plosion 

Complete 1 - t^ie 

17 

23 

6 

6 

0- 

21 

Partly . 

22 

19 

12 

12 

17 

12 

K-rtly untrue 

9 

7 

16 

2 

9 

8 

Completely untrue 

15 

21 

59 

55 

S3 

52 

Not sure 

37 

30 

7 

25 

12 

7 
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Tabic S.6 
RISKS WORM TAKING 


Total 



Total 

Public 

\ 

Nucplant 

Neigh- 

bors 

V 

Poli- 

tical 

Leaders 

\ 

Busi- 

ness 

Leaders 

f. 

> 

Regu- 

lators 

% 

Fnvir' 
cent a 
ists 

• 

Allowing people to use natural gas in 
their homes , if precautions are required 
to make sure leakage will not asphyxiate 
people or cause an explosion 


8S 

56 

s-: 

58 

100 

Allowing automobiles to be sold, if the 
federal government checks up on how safe 
they are and requires manufacturers to 
call back defective ,ars to be fixed 

85 

8? 

98 

100 

98 

52 

Allowing ccal to be mined deep in the 
ground, if the mine is inspected to be 
suie miners will be safe- from a cave- in 

85 

79 

58 

53 

96 

o- 

Allowing people to use r ] ccyi ;p : pills, 
pep pills, and trxtqui 2: r.ers . i f t's.-y c ;■ 
be obtained only through a if ;tor who 
explains the dangers i.Isuse 

i 

f.J 

i i 

0,1 

» » 

56 

51 

90 

* Allowing nuclear power plants to be 
built, if the government certifies that 
they will not pollute the air and water 

80 

81 

73 

94 

85 

27 

* Allowing nuclear power plants to be 
built, if the government regularly 
inspects the plant to be sure there 
is no radioactive leakage 

79 

77 

70 

92 

85 

29 

* Allowing nuclear power plants to be 
built, if the plants meet tough govern- 
ment standards for nuclear waste 
disposal 

79 

80 

74 

94 

87 

27 

* Allowing nuclear power plants to be 
built, if the plants axe prohibited from 
dumping warm water into streams and lakes 
that could endanger fish and other water 
life 76 

71 

84 

92 

87 

33 

* Allowing nuclear power plants to be 
built, if the government is satisfied 
on inspection that an accidental 
explosion is unlikely to happen 

75 

77 

66 

90 

81 

21 
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Table 8.6 con't 1 

RISKS WORTH TAKING 

i 

Total 

Nucplant Poli- Busi- Envirc 

Tbtal Neigh- tical ness Regu- cental 
Public bors Leaders Leaders lators ists 


* Allowing nuclear power plants to be 
built, if the plants have proper security 
to prevent the stealing of plutoniuia or 
the sabotage of the plants by revolution- 
aries 

Allowing liquor to be sold to adults, if 
the public is warned about the dangers 
of alcoholism 

Allowing cigarettes to be sold, if the 
packages have a dear warning of the 
dangers of cigarette smoking 

Allowing strip mining for coal to tear 
up the ground surface, if the coal 
producer is required to reclaim the 
land after using it 

Allowing prescribed drugs that can kill 
people from overdose to be sold, if the 
package warns people about the dangers 
of excessive use 

Allowing synthetic fabrics to be sold 
for clothes, curtains and rugs, if 
people arc warned of the dangers of such 
fabrics catching fire 


% 

\ 

% 

% 

% 


75 

75 

78 

94 

85 

t 1 
29 1 

r *> 

7S 

94 

94 

91 

I 

} 

92 1 

t 

68 

77 

86 

90 

83 

! 

87 

i 

68 

71 

90 

92 

91 

75 

62 

66 

96 

80 

85 

87 

55 

51 

45 

69 

57 

SO 


summit*: 
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b. Close-ended questions: The sample was then asked specifically how 

much of a problem they perceived waste management to be. When confronted with 
the issue, over sixty percent of the public felt it was a major problem and 
another fourteen percent felt it was a minor problem. Political leaders, 
regulators, and environmentalists recognized the potential problems in waste 
management by majorities ranging from 76% to 98%. In sharp contrast, only 
57% of the business leaders felt that waste disposal was a major problem. 

c. Demographic and attitudinal correlates of opinion: The attitudes 

of the public about waste management were not evenly distributed across 
demographic lines. People living in the South ?nd/or in small towns, those age 
fifty and over, and those with less than high school education tended to see 
less of a problem. Not surprisingly, those opposed to nuclear power tended to 
see more of a problem in waste disposal than those who favored the nuclear 
option. 

d. Radioactive releases from waste: Over one half of the public found 

some truth in the claim that wastes can cause radioactivity exposure to too 
many people. Only one quarter of the business leaders felt that the statement 
was truthful while over ninty t jrccnt of the environmentalists were convinced 
of its correctness. 

e. Risks worth taking: By margins ranging from 74% to 94% all the groups 

interviewed except for environmentalists felt that nuclear power plants should 
be allowed to be built if tough standards for nuclear waste disposal could be 
enforced. The environmentalists demurred; only one quarter of them were willing 
to see society take such a risk. 
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Evaluation 

This study does not suffer from some of the weaknesses of the first one. 
It uses a cross section sample of sufficient size that virtually all the 
differences noted are likely to be significant. This study fails, in general, 
to provide any explanation of the attitudes measured; thus, we are somewhat 
at a loss to interpret*? them sensibly. Decause of the study’s broader nature, 
little or no attention was paid to measurement reliability and validity. 


Implications of the Data for Understanding Public 
Attitude s Towards the Space Disposal Option 

The EBASCO study provides the context for understanding Low the public 
relates the issue of waste management to other nuclear issues and to other 
types of social risks. To the extent that the public sees the problem as 
pressing the chances of devoting significant social resources to its solution 
are increased. This is particularly important for the space option as its 
cost will most likely be greater than virtually all other alternatives. 

Waste management was not viewed as a very important problem by the general 
public in the open ended questions (Table 8.2). More immediate issues tended 
to dominate public concern such as radioaction leakages and thermal pollution. 
However, among regulators and political leaders who shape policy alternatives 
the question of waste management was extremely salient. T t would seem then 
that the space option would not be eliminated as a possible method of waste 
disposal simply on the basis of its cost jf_ it came to be seen as the only 
viable method. The data does net provide any insight on what choices would 
be made if several possible methods, among them the space option, were in 
competition. 
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The ^ata in Table 8.3 casts the problem of waste management in more 
;irg of a light than the data considered above. Here the problem of waste 
disposal is viewed as more severe than radioactive releases to the atmosphere, 
the chances of explosion thermal pollution, sabotage, air pollution, or safe- 
guards. Again the attitudes of key governmental leaders are stronger than 
those of the public in general. These attitudes suggest a strong commitment 
to finding some solution to the problem of waste disposal. The space alter- 
native could profit from that commitment if insurmountable difficulties— whether 
technological or political — begin to plague other alternatives. 

The Battelle study provides the basis for assessing public reactions 
to the space option compared to other possible alternatives for waste manage- 
ment. The space option is characterized by the fact that it tends to increase 
short terra risks of management because it requires a greater lumber of steps 
in handling and storage and because it introduces an additional risk of booster 
failure; the alternative does, however, reduce long term risks, almost to 
zero, once the rocket has left the earth; the space option is also distinguished 
by the fact that accidents are highly visible— detection, if not rectification, 
is not a major problem; finally, the space option tends to be more costly than 
other alternatives such as burial in salt or in the seabed. 

Those four characteristics which distinguish the space disposal option 
from other alternatives were precisely the four factors which the Battelle 
group studied. Significantly, cost considerations', which many observers cite 
as a major reason why the space option would not be viable, was the least 
important value for every group surveyed. (Figures 8.2 to 8.4) For 
five out of the six groups, cost considerations were far less important than 
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any of the other three evaluative criteria. Even among nuclear technologists, 
the sixth group, cost was the least important factor in assessing a system, 
although not as by great a margin as with the other groups. 

In addition, the prime virtue of the space alternative, the complete 
removal of the material so that the long term risk is reduced to zero, was 
considered to be of prime importance by all of the groups polled except th<- 
nuclcar technologists. They all considered the reduction of long term risk 
the single most important dimension along which a waste nangement system was 
to be evaluated. 


Countering those trends which were clearly supportive of the idea of 
space disposal were the responses dealing with short tern safety and with 
accident detection and recovery. Avoidance of short term risks was consider. . J 
highly important by all the groups polled. In fact, depending on which 
measure is used, some groups valued reduction of short term risks more hignly 
than reduction of long term risks. Similarly, accident detection and recovery 
ranked fairly high as a criteria for choice .. .although it was generally not as 
important as either the reduction of long term or short term risks. Since the 
space disposal option will probably increase the short term risks and will 
make accident recovery (although not detection) more difficult, the data 
suggests that a positive attitude resulting from the space option's favorable 
position of reducing long term risks may very well be completely reversed 
when the total range of values is included. We have, of course, no way of 
knowing for sure just how the four values will be aggregated by the public 
as it makes its evaluations. Dut the data certainly does not suggest that the 
space option will be met by enthusiasti public response even in the abstract. 
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